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Of Interest to Managers

OF INTEREST TO
MANAGERS

Ted Sommer (USBR), tsommer@water.ca.gov

Quarterly Highlights

IEP Bay Delta and Tributaries Database Interface.
Chris Fox (DFG, pg. 3) describes ongoing efforts to create
a sophisticated, user-friendly interface to extract data
from the many databases managed by IEP.

Yolo Bypass Study. Bill Harrell, Ted Sommer, and
Peggy Lehman (DWR, pg.3) summarize some of their
Yolo Bypass work during the unusual hydrology of winter
and spring 2003. Highlights of the year included the best
floodplain splittail production in the past five years.

Fish Bulletin 250. Leslie Pierce (DWR, pg. 4) notes
that the final draft of Bulletin 250 has been released. The
summary of fish passage problems and restoration
projects in Central and Northern California is the first new
bulletin prepared by DWR in the past ten years.

Contributed Papers

Salinity and Temperature Monitoring in San
Francisco Estuary: Lee Bergfeld and Dave Schoell-
hamer (USGS, pg. 5) report that the existing network of
fixed continuous monitoring stations located around the
perimeter of San Francisco Bay appears to be reasonably
representative of salinities and temperatures throughout
the expanse of the estuary including deep channel regions.

Deep Water Ship Channel Dissolved Oxygen
Study: G. Fred Lee and Anne Jones-Lee (G. Fred Lee and
Assoc. pg. 12) summarize a CALFED-funded review they
have completed of 1999-2003 studies on the low-dis-
solved oxygen problem in San Joaquin River’s Deep
Water Ship Channel. Their review describes the current
understanding of the factors that cause the DO problems,
and some possible management approaches.

Environmental Monitoring Program Review:
Zach Hymanson and Anke Mueller-Solger (CBDA and

DWR, pg. 15) describe the recently completed IEP review
of the Environmental Monitoring Program. The article
provides insight into some of the staff and time require-
ments for the review, as well as major obstacles. Their
valuable experience may help to guide future reviews of
other programs, which IEP requires every five years.

California Bay-Delta Authority Activities

Kristen Honey and Zach Hymanson (CBDA, pg.24)
give a brief summary of a CBDA Science Program sym-
posium to review biological information related to the
proposed long-term operations (OCAP') of the CVP and
SWP. The presentations at the workshop indicate that
there has been significant progress in our understanding
of the Delta and upstream regions over the past decade.

IEP Bibliography

Linda Rivard and Ted Sommer (DWR, pg. 28) have
compiled the first-ever bibliography of IEP journal arti-
cles and books. The lengthy bibliography lists 191 papers
in the open literature that have been produced using sub-
stantial IEP resources, samples, or data. The list is
intended as a “track record” of IEP’s progress, and as a
reference list for the some of the major scientific issues
and findings for the San Francisco Estuary.

l. Operating Criteria and Plan
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|[EP QUARTERLY
HIGHLIGHTS

April-June 2003

Developing the New Bay Delta and
Tributaries Database Interface

Chris Fox (DWR), cfox@water.ca.gov

The Bay Delta and Tributaries (BDAT) database
merges data from dozens of smaller databases maintained
by various agencies and other groups monitoring the envi-
ronmental health of the waters of the San Francisco Bay-
Delta and their tributaries. Once the data on water quality,
hydrodynamics, and the abundance of fish, phytoplank-
ton, and benthic organisms is merged, it is made available
on the Internet.

By May 2002, it was recognized that the old “DBI
map” (http://sarabande.water.ca.gov:8000/~bdtdb/), used
to query the data in BDAT, needed to be replaced. We had
a meeting in June 2002 with a number of data providers
and users from different agencies to share and gather ideas
for the new website. Common complaints included not
knowing what is available in the database and difficulty
getting data out. Marc Vayssiéres and Chris Fox used the
notes from the meeting to initiate the design of the new
database interface.

Karl Jacob’s group initiated work on the technical
side of the database interface according to specifications
developed from the meeting.

Kris Lightsey began implementing the new database
interface in January 2003. Karl Jacobs and Catalina
Guillen wrote up database routines that create the data-
marts in the database that support the background work of
the interface. Many graphics had to be created to allow the
database interface to resize on different monitor resolu-
tions, so Brad Tom came up with a clever way to automate
the graphics resizing.

By the 2003 IEP Conference in Monterey, the data-
base interface was far enough along for us to give a pre-
sentation at the poster session. A number of people
viewed and tried the database interface, and gave us addi-
tional comments and suggestions.

One of the biggest obstacles in this project was select-
ing, purchasing, and setting up the hardware and software
needed. We needed a new machine to act as a server that
was not only a dedicated machine, but one that had the
capacity to run the Web server and the database engine.
Steve Ehrhardt was the systems administrator who pro-
vided recommendations on hardware components needed,
and performed the setup and security of the new system.

The new system’s features include a large number of
data summaries, so users can see the extent of data avail-
able in the database. The query process is designed to be
simple and flexible to use. A separate section was added
so that data that is considered sensitive by the data provid-
ers can only be viewed by users with a password. Several
people from different agencies have volunteered to be
beta testers, and will be testing it this summer. The data
interface will be available to the public by the end of 2003
after comments and suggestions from the beta testers are
incorporated into project improvements. We look forward
to working with IEP and other Bay-Delta groups on fur-
ther improving the new database interface. If you would
like to review the new interface, please contact Kris Light-
sey (klightse@water.ca.gov) or Chris Fox
(cfox@water.ca.gov).

Yolo Bypass Study

Bill Harrell, Ted Sommer, and Peggy Lehman (DWR),
bharrell@water.ca.gov

The Yolo Bypass program continued this year with a
suite of sampling methods designed to monitor adult,
juvenile, and larval fish; drift invertebrates; zooplankton;
and chlorophyll. Hydrology in the floodplain was unique
this year, with an early series of storms (late December
2002—January 2003) causing substantial inundation of the
floodplain. This was followed by a relatively dry period
until late May and early June when another series of
storms caused spring inundation of the floodplain.

IEP Newsletter
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As in the previous few years, we operated a rotary
screw trap and conducted beach seine hauls in winter and
spring. Chinook salmon were the dominant native fish
collected in February and March (n=531), with splittail
becoming the most dominant in May and June (n>2,400).
Splittail production appears to be substantially higher than
1999-2002, but not as high as the record year class in
1998. Splittail samples were collected for a companion
study by Dr. Bernie May (UCD), who is evaluating the
genetics of this species in different regions of the estuary.
The samples will be shared by Fred Feyrer (DWR) for an
IEP study of juvenile splittail growth and feeding success.

Season highlights from our fyke trap, which traps
larger adult fish, include: 108 adult splittail in January
through March; 83 adult white sturgeon in February
through April; and 21 adult American shad in May and
June. The high catch of white sturgeon was unusual com-
pared to our previous years’ sampling when numbers have
not exceeded 35. The adult striped bass catch was near
average at 204. Fisheries sampling for this season will be
completed on June 30, 2003.

An additional study element was added this year to
conduct a demonstration-scale project based on managed
Yolo Bypass flooding for splittail and other aquatic spe-
cies. The new element was an expansion of a small scale
(0.1 ha) study, which demonstrated that splittail will
spawn in a dry year if they are provided with suitable hab-
itat. This study was to be conducted in a 19 ha floodplain
wetland at the Yolo Bypass Wildlife Area. Unfortunately,
hydrologic conditions caused failure of the small levee
surrounding our study area, so the experiment for this sea-
son had to be aborted.

Zooplankton, drift invertebrate, and chlorophyll sam-
pling continued as part of baseline food web monitoring.
Fluorometry and grab samples demonstrate that Yolo
Bypass chlorophyll levels were much higher that the adja-
cent Sacramento River, particularly during descending
hydrographs. A new program element was added this year
to measure carbon production rate in the Yolo Bypass.
The objective of this study element is to measure the net
plankton community carbon production and respiration
rate of the Yolo Bypass and the adjacent Sacramento
River channel during different hydrologies. The data will
provide information on the potential net export of carbon
from each habitat to the downstream estuarine food web.
Sampling for these elements is complete and data analysis
will be completed this fall.

Bulletin 250 — Fish Passage Improvement
Leslie Pierce (DWR), Ipierce@water.ca.gov

The California Department of Water Resources
(DWR) released a final draft of Bulletin 250, Fish Passage
Improvement, on June 3 for public review. The bulletin
has two important “firsts”. It’s the first new bulletin pre-
pared by DWR in 10 years, and it’s also the first time the
directors of DWR and Department of Fish and Game
(DFG) both signed the foreword of a DWR bulletin.

The co-signing of the foreword by DFG Director
Robert Hight and DWR Director Thomas Hannigan
exemplifies the commitment of staff from both agencies
to coordinate and collaborate on fish passage issues of
concern to the state and to the California Bay-Delta
Authority (CBDA). The information in the bulletin can be
used to identify fish passage issues and can guide agency
efforts to improve fish passage, while meeting the goals of
CBDA’s Ecosystem Restoration Program.

Bulletin 250 focuses on the challenges, opportunities,
successes, and problems of fish passage in Central and
Northern California watersheds. The purposes of the bul-
letin are:

» To identify potential man-made barriers to
anadromous fish migration below the major flood
control and water supply reservoirs within the
Ecosystem Restoration Program study area, the
Bay Area, and the San Joaquin River south to the
Kings River;

* To outline criteria developed to prioritize barrier
solution projects; and

* To describe efforts under way by the Fish Passage
Improvement Program and other agencies to solve
problems posed by fish migration barriers.

The comment period ended on August 1, but
you can still view the document on the Internet at
http:// www.isi.water.ca.gov/fish/b250.shtml. Comments
will be used to revise the bulletin. A final bulletin should
be completed by the end of the year.

If you have questions about Bulletin 250 or about the
Fish Passage Improvement Program, please contact Leslie
Pierce at (916) 651-9630 or at Ipierce@water.ca.gov.
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Comparison of Salinity and Temperature
at Continuous Monitoring Stations and
Nearby Monthly Measurement Sites in
San Francisco Bay

Lee G Bergfeld and David H. Schoellhamer (US
Geological Survey), dschoell@usgs.gov

Introduction

Salinity and temperature are crucial state variables
affecting estuarine habitat and, thus, are measured by var-
ious San Francisco Estuary programs. This article pre-
sents a comparison of salinity and temperature data
collected at seven continuous monitoring stations
throughout San Francisco Bay (Figure 1) with data col-
lected monthly by the US Geological Survey (USGS)
research vessel (RV) Polaris. The data comparison was
done to determine if the continuous monitoring stations,
which mostly are located near shore and always on struc-
tures in the water, are representative of water conditions in
the main channel of the estuary where the RV Polaris col-
lects measurements.

Methods

The USGS continuous monitoring stations measure
conductivity and temperature at two depths in the water
column: near the surface and the bottom (Buchanan,
2002). Conductivity is converted to salinity according to
the practical salinity scale (Fofonoff and Millard 1983;
Hill and others 1986). The USGS stations are equipped
with Foxboro' conductivity sensors and Campbell Scien-
tific temperature sensors, with the exception of Carquinez

1. The use of firm, trade, and brand names in this article is for identi-
fication purposes only and does not constitute endorsement by the
US Geological Survey.

Bridge, which is equipped with two Hydrolab DS-4 con-
ductivity and temperature instruments. The sensors are
positioned near the surface and the bottom in the water
column on a suspension line attached to an anchor weight,
which allows the sensors to be raised and lowered easily
for servicing. An electronic data logger controls data
acquisition, data storage, and sensor timing. The logger is
programmed to activate the sensor every 15 minutes, col-
lect data each second for 1 minute, and then average and
store the output for that 1-minute period. Site visits to
clean and calibrate the sensors operated by the USGS are
made every 14-21 days. This analysis includes stations at
Benicia Bridge, Carquinez Bridge, Point San Pablo, San
Francisco Pier 24, and San Mateo Bridge. Additional
USGS continuous monitoring stations (not shown in
Figure 1) are located at San Francisco Presidio, Napa
River at Mare Island Causeway, and San Pablo Bay Chan-
nel Marker 9, but they are too far from RV Polaris mea-
surement sites to be used in this analysis. The USGS
continuous monitoring station data are available at
http://sfports.wr.usgs.gov/Fixed sta/.
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Data from continuous monitoring stations operated
by the Department of Water Resources (DWR) at Mallard
Island and Martinez were included in this analysis. At
these stations, conductivity and temperature are
measured 1 meter (m) below the water surface and
conductivity is measured 1.52 m above the bottom
(http://iep.water.ca.gov/metadata/HEC-DSS/DWR/ESO/
D1485Cont.metafile.htm). Near-surface water is col-
lected continuously by pumps and analyzed by Schneider
Instruments continuous water-quality monitors that sam-
ple three times per second. Data are averaged and stored
every 60 minutes. Bottom conductivity is measured using
Foxboro model 872 Electrochemical Monitors and the
outputs are recorded and stored every 15 minutes. Stations
operated by DWR are cleaned and serviced every 10 to
14 days. The data used in this analysis are available from
the Interagency Ecological Program at http://
www.iep.ca.gov/dss/.

The RV Polaris cruises along the central, deep chan-
nel of the estuary measuring water quality monthly at
39 fixed locations, spaced approximately 6 kilometers
(km) apart along the longitudinal axis (Arnsberg and oth-
ers, 1998; http://stbay.wr.usgs.gov/access/wqdata/over-
view). A submersible instrument package that measures
conductivity, temperature, depth, and optical backscatter-
ance (CTDO) is lowered into the water from the RV
Polaris. A Sea-Bird Electronics-4 sensor measures con-
ductivity and a Sea-Bird Electronics-3 thermistor mea-

sures temperature. The manufacturer calibrates both
sensors at the start of each calendar year. The sensors
record data 24 times per second as the package is lowered
through the water column at a rate of approximately 1 m
per second. The data, therefore, are collected every 4 cen-
timeters from the water surface to the bottom. Recorded
values are averaged over 1 m and reported in 1-meter bins.
Reported values for meter n below the water surface rep-
resent the mean value from n - 0.5m to n + 0.5m. RV
Polaris data used in this analysis were downloaded from
the USGS online database at http://stbay.wr.usgs.gov/
access/wqdata/query/.

Using the locations, dates, and times of the nearest RV
Polaris data, the corresponding data values were retrieved
from the time-series record at the continuous monitoring
stations (Table 1). Time periods for the compared mea-
surements varied by site, depending on when the stations
were in service. Data from the continuous stations are
incomplete due to biological fouling of instruments,
instrument malfunction, and temporary closures for
bridge construction. The USGS continuous monitoring
stations and the DWR near-bottom conductivity stations
collect data every fifteen minutes, therefore, the maxi-
mum difference in time between compared measurements
is approximately 7.5 minutes. The DWR near-surface sta-
tions collect data every 60 minutes; therefore, the maxi-
mum difference in time between compared measurements
is 30 minutes.

Table 1 Physical characteristics of the continuous monitoring stations and the RV Polaris sampling sites.

Total water Elevation of Total water Distance

Continuous depth at sensor Nearest depthatRV between
Monitoring continuous Sensor above RV Polaris Polaris site measurements ~ Comparison Start ~ Comparison End

Station station (m) ~ position  bottom (m)  site Number (m) (km) Date Date
Mallard Island 7.6 NB 1.5 4 11.6 148 September 11, 1996 July 17,2001

NS *1 January 31, 1989 November 27, 2001
Benicia Bridge 244 NB 7.6 8 14.3 2.83 January 6, 1998 September 11, 2001
NS 226 November 6, 1997 September 11, 2001
Martinez 9.4 NB 1.5 8 14.3 1.21 July 28, 1994 November 27, 2001
NS *1 July 28, 1994 November 27, 2001
Carquinez Bridge 26.8 NB 49 10 17.7 2.02 June 7, 1999 September 5, 2000
NS 17.7 November 10, 1998 September 5, 2000
Point San Pablo 7.9 NB 1.8 15 229 1.36 December 6, 1990 September 5, 2000
NS 6.7 December 6, 1990 September 5, 2000
Pier 24 12.5 NB 34 21 17.4 2.33 December 7, 1990 September 7, 2000
NS 9.8 December 7, 1990 September 7, 2000
San Mateo Bridge 14.6 NB 3.1 29 14.6 0.65 December 7, 1990 September 7, 2000
NS 13.6 December 7, 1990 September 7, 2000

NB: near bottom; NS: near surface; m: meter; km: kilometer; *: distance from surface. Total water depth is relative to mean lower low water (MLLW)
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The RV Polaris vertical bin that corresponds to the
elevation of a continuous sensor was determined by calcu-
lating the distance from the water surface to the sensor

dss = dmx = MLLWpgjaris + MLLWiyeq — Z; (1)

in which the variables are defined in Figure 2. The USGS
operates a water level recorder at Point San Pablo where

dss = hpsp + MLLWixeq — Z; ()

in which hpgp is the measured elevation of the water sur-
face above mean lower low water. Equation 2 is more
accurate than equation 1 because the only measurement of
water depth at the time of the RV Polaris measurement
(d,,,) 1s the deepest recorded CTDO bin, which may
underestimate the water depth by as much as 1.5 m and is
reported only to within 1 m (one bin). In addition, if the
RV Polaris was not positioned exactly at the sampling
site, then the assumed MLLW depth at the site may be
inaccurate. The results of equation 1 were compared
against those of equation 2 at Point San Pablo. For the
near-bottom sensor, equation 1 was within 2 m (two bins)
of equation 2 for 90% of the measurements, and for the
near-bottom sensor, equation 1 was within 2 m of
equation 2 for 60% of the measurements.

Once the continuous and monthly RV Polaris data
sets were aligned temporally and spatially, they were
compared using two methods of linear regression. The
first method was a simple linear regression, or least-
squares method (Helsel and Hirsch, 1992). The second
method was the repeated median method, which has the
advantage of being less influenced by outliers and is
applicable to cases where the variance of the dependent
variable (Y) is not constant as the independent variable (X)
varies (Helsel and Hirsch, 1992; Siegel, 1982). The
repeated median method is a robust, nonparametric
method that calculates the slopes in a two-part process
(Buchanan and Ganju, 2002). First, for each point (X, )
the median of all possible “point i” to “point j” slopes:

(Yj-Yi)

forall j # i 3)
(X — Xi)

mi = median

The slope of the best-fit line, m,,,, then is determined
as the median of all possible slopes calculated above:

mm = median(mi) for all i (4)

The y-intercept of the best-fit line, b,,,, is the median
value of all possible y-intercept values using the possible
slopes calculated above:

brm = median(Yi — mmXi) forall / (5)

The final form of the equation thus becomes:

Y = mmX + brm (6)

For both methods the continuous station data were
plotted as the independent (x-axis) variable and the RV
Polaris data as the dependent (y-axis) variable. Values
reported for the least-squares (Is) and repeated median
(rm) methods include the slope (m,, and m,,,) and y-inter-
cept (b, and b,,,). Additional values for the least-squares
method of regression are the coefficient of determination
(#?),), a measure of the strength of association between the
two data points with 2, = 1 being perfect correlation, and
the significance level (p;,) or the probability of there being
no linear relation between the data sets (Helsel and Hir-
sch, 1992). The mean difference and root-mean-squared
(RMYS) difference were calculated to evaluate the differ-
ences between the data sets. The mean difference:

- ™
RMSuirr = \/—Z(C:' - Pi)?

n=

in which n is the number of data points compared, C; is the
continuous monitoring station data sample i, and P; is the
RV Polaris data sample i.
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Figure 2 Variables used to calculate the distance from the water surface to a fixed sensor dg.

The mean difference is used to show either a trend of
the continuous monitoring station measuring higher val-
ues (a positive mean difference) or a trend of the RV
Polaris measuring higher values (a negative mean differ-
ence). The RMS difference

T2 : ®)
RMSairr = ;Z(CI—PI)

1

The RMS y;+is the more robust of the two methods for
determining error in the data sets because positive and
negative values for C-P; do not counteract each other and
reduce the overall value. A slope (m) of 1, a y-intercept (b)
of 0, and diff and RMS 01 O represent a perfect linear
relation between the two sampling sites for both regres-
sion methods.

Results

The results of each statistical method are reported in
Table 2. Figures 3-6 are representative of the salinity and
temperature comparisons for the seven sites and show the
slight difference between the two regression methods.

Discussion and Conclusion

The regressions show a strong linear relation between
the continuous monitoring stations and the RV Polaris

sites for temperature and salinity. The coefficient of deter-
mination from the least squares method for all of the tem-
perature stations demonstrate a strong correlation
between the two sites with 77, > 0.95. Linear regression
slopes were near one (mean 1.02, range 0.943 to 1.13) and
y-intercepts were near zero (mean -0.098 °C, range -1.2 to
0.9 °C). Salinity data showed slightly more variance,
though the correlations are still very strong with 1%, >0.86.
The salinity linear regression slopes were near one (mean
1.03, range 0.869 to 1.29) and y-intercepts were near zero
(mean 0.219, range -2.12 to 3.57). All least-squares
method temperature and salinity linear regressions were
significant at the p,, <0.001 level.

The mean differences in the measurements (Table 2)
are consistent with the relative locations of the paired
measurement stations and river-to-ocean gradients of
salinity and temperature. For comparisons made in the
Suisun, San Pablo, and Central bays, the station closer to
the Pacific Ocean had greater salinity and lower tempera-
ture than the station closer to the Sacramento-San Joaquin
River Delta. The locations where the paired measure-
ments were collected differ by as much as 2.8 km. Even
though the typical error in selecting the appropriate RV
Polaris vertical bin for the comparison typically is one or
two bins (meters), this error is not large enough to mask
the expected river-to-ocean gradients of salinity and tem-
perature.
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Table 2 Statistical results of linear regressions for least-squares and repeated median methods and error measurements.

Continuous Number of
Monitoring Station Variable Location points m by I Mim b diff RMS 4

Mallard Island Sal NB 39 1.15 0177 0.986 1.24 0.0 -0.602 0.886
NS 116 1.01 0.108 0.972 1.06 0.0 -0.148 0.526

Temp NS 17 1.02 -0.472 0.995 1.01 0.4 0.191 0.390

Benicia Bridge Sal NB 7 0.949 2.83 0.986 0.967 2.8 -2.26 2.38
NS 8 1.20 0.0418 0.988 1.10 0 -0.703 1.22

Temp NB " 0.949 0.679 0.998 0.943 0.9 0.154 0.314

NS 10 0.985 0.177 0.994 0.966 0.4 0.066 0.358

Martinez Sal NB 55 1.03 0.504 0.988 1.04 0.3 -0.818 1.15
NS 60 1.06 0.303 0.940 1.04 0.0 -0.762 1.87

Temp NS 66 0.992 0.002 0.985 0.996 0.0 0.131 0.518

Carquinez Bridge Sal NB 1" 1.10 -1.62 0.941 1.06 -0.9 -0.132 0.968
NS 1" 1.07 212 0.861 0.869 0.8 1.12 2.54

Temp NB " 1.01 -0.180 0.998 1.01 0.2 -0.023 0.153

NS 1" 1.03 -0.442 0.998 1.03 -0.4 -0.047 0.209

Point San Pablo Sal NB 97 0.961 0.767 0.937 0.967 04 0.0980 1.79
NS 94 1.01 -1.49 0.923 1.01 -14 1.24 2.62

Temp NB 102 0.996 0.215 0.982 1.02 -0.1 -0.155 0.437

NS 101 1.04 -0.387 0.979 1.06 0.6 -0.281 0.586

Pier 24 Sal NB 133 0.875 3.57 0.898 0.982 0.4 -0.337 1.73
NS 140 0.954 0.981 0.937 1.00 0.3 0.185 1.50

Temp NB 141 1.08 -0.679 0.950 1.09 -0.8 -0.461 0.732

NS 142 1.12 -1.10 0.957 1.13 -1.2 -0.563 0.822

San Mateo Bridge Sal NB 175 0.989 0.593 0.995 0.998 0.3 -0.325 0.505
NS 159 1.09 0.1 0.985 1.12 -0.8 -1.83 2.03

Temp NB 179 0.977 0.462 0.996 0.975 0.5 -0.100 0.258

NS 185 0.987 0.266 0.996 0.992 0.2 -0.063 0.238

Values shown are dimensionless except y-intercepts and differences for temperature which are in degrees Celsius. p,;<0.001 for all regressions. my, slope from least-squares
method; by, y-intercept from least-squares method; 2 « coefficient of determination for the least-squares method; m,, slope from repeated median method. by, y-intercept from
repeated median method. %77, mean difference; RMS, root-mean-squared difference
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SAN FRANCISCO PIER 24 NEAR-BOTTOM SALINITY

Figure 3 Comparison of near-bottom salinity measure-
ments at the San Francisco Pier 24 continuous monitoring
station and during monthly cruises by RV Polaris at
station 21.

25 T T T

20+ P E
[= -l
ES
5
3 .
w go °
g 151 >
w
[+ 4
=2
@
3
=
5 10
g 2
= g
o
sk o ¢ |
(]
o DATA
— LEAST SQUARES METHOD
~—- REPEATED MEDIAN METHOD
0 -~ 1 1 1 1
"o 5 10 15 20 25
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Figure 4 Comparison of near-surface salinity measure-
ments at the Martinez continuous monitoring station and
during monthly cruises by RV Polaris at station 8.
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Figure 5 Comparison of near-bottom temperature measure-

ments at the Point San Pablo monitoring station and during

monthly cruises by RV Polaris at station 15.
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As the distance between station pairs increases, one
would expect that RMS,;,,would increase, but this is not
the case for these data. RMS ;s not related to distance
between station pairs (not shown). For example, Benicia
Bridge and Martinez are both compared to the same RV
Polaris sampling location. Benicia Bridge is 1.6 km far-
ther from the RV Polaris sampling location, but the RMS-
aify 18 less for two of the three variables (near-surface
salinity and temperature but not near-bottom salinity,
Table 2). Because there is no Bay-wide relation between
RMS,;rand distance between sampling stations, RMS ;-
probably is determined by local mixing and spatial vari-
ability between the paired sampling stations. The Mar-
tinez station is located on the south shore of Carquinez
Strait but the Benicia Bridge station is located in the deep
channel and, therefore, may be more representative of
conditions at the RV Polaris sampling station in the deep
channel, despite being further away. Differences in the
elevation and timing of the paired measurements, and bias
in the direction and timing of the RV Polaris cruises rela-
tive to tides (Schoellhamer 2001a and 2001b), also may
contribute to differences between the continuous and RV
Polaris data.

The strength of linear regressions and the physically
reasonable and consistent differences in the data show that
the continuous monitoring stations are representative of
the salinity and temperature in the main channel of the
estuary. Measurement differences are consistent and
physically reasonable when the relative location of paired
measurement stations is considered in relation to salinity
and temperature gradients in the estuary. Local spatial
variability is the likely primary factor creating discrepan-
cies of salinity and temperature.
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Update on the Understanding of the Low-
DO Problem in the San Joaquin River’s
Deep Water Ship Channel

G. Fred Lee, Anne Jones-Lee (G. Fred Lee & Associates),
gfredlee@aol.com

The Winter 2001 IEP Newsletter contained an article
by Lee and Jones-Lee (2001) describing some of the
major issues in developing the San Joaquin River (SJR)
Deep Water Ship Channel (DWSC) Dissolved Oxygen
(DO) TMDL. The following is a brief summary of some
of the major findings from a CALFED-funded review of
1999-2003 studies (Lee and Jones-Lee 2003). Additional
information is provided on the SJR DO TMDL website at
http://www.sjrtmdl.org, and on http://www.gfredlee.com
in the San Joaquin River watershed section.

DO Depletion in the DWSC

California Department of Water Resources (DWR)
described the occurrence of low DO in the SJR DWSC
(Figure 1) based on the monitoring cruises conducted dur-
ing the late summer and fall of each year (Ralston and
Hayes, 2002). Lee and Jones-Lee (2003) have summa-
rized the DWR cruise data from 1995 through 2002. Dis-
solved oxygen concentrations in the DWSC water column
from just downstream of the Port to, at times, as far as
Columbia Cut, are depleted at times one to several mg/L
below the water quality objective of 5 mg/L during the
summer through August, and 6 mg/L from September
through November.

Under low SJR DWSC flow conditions of a few hun-
dred cfs, the DO concentrations in the DWSC waters can
be as low as about 1 to 2 mg/L. The DO concentrations
near the bottom of the DWSC are sometimes 1 to 2 mg/L
lower than those found in the surface waters. This differ-
ence is not due to thermal stratification within the DWSC,
but is related to inadequate vertical mixing of the water
column by tidal currents “coupled with” algal photosyn-
thesis in the near-surface waters and suspended particu-
late biochemical oxygen demand (BOD) in the near-
bottom waters.
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Figure 1 Map of the Lower SJR and DWSC Study Area

Constituents Responsible for Oxygen
Depletion

The depletion of DO below the water quality objec-
tive is caused by carbonaceous biochemical oxygen
demand (CBOD) and nitrogenous BOD (NBOD). The
CBOD occurs primary in the form of algae. The NBOD is
composed of ammonia and organic nitrogen that is miner-
alized to ammonia, which is biochemically oxidized to
nitrite and nitrate (nitrification). The city of Stockton dis-
charges its treated domestic wastewaters to the SJR
approximately 2 miles upstream of where the SJR enters
the DWSC at Channel Point. At times, especially during
high ammonia concentrations in the wastewater effluent
and low SJR DWSC flows, the city’s wastewater effluent
can contribute over 80% of the total oxygen demand load
to the DWSC. At other times, the city’s contribution to the
oxygen demand load can be on the order of 10 to 20% of
the total oxygen demand load to the DWSC.
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The primary source of carbonaceous and, to some
extent nitrogenous, oxygen demand for the DWSC occurs
in the form of algae that develop in the SJR upstream of
the DWSC. At times the upstream oxygen demand loads
represent on the order of 90% of the total oxygen demand
load to the DWSC. The relative proportion of the city of
Stockton and upstream algal oxygen demand loads is vari-
able, dependent on the city’s wastewater effluent ammo-
nia concentrations, the planktonic algal concentrations in
the SJR that are discharged to the DWSC, and the flow of
the SJR through the DWSC.

Factors Influencing DO Depletion in the
DWSC

There are a number of factors that have been found to
influence the DO depletion in the DWSC for a given oxy-
gen demand load. These include the following:

* Port of Stockton. The development of the DWSC
to the Port of Stockton greatly reduced the oxygen
demand assimilative capacity of the SJR below the
Port by transforming the channel from a shallow,
rapidly moving water body to a long, thin lake,
thereby increasing hydraulic residence time for
BOD exertion. The former channel configuration
would not have produced the current low-DO
problems given similar inputs. The development
of the Deep Water Ship Channel basically
transformed the former undredged SJR channel
through the Delta from a shallow, rapidly moving
waterbody, to a long, thin, lake with a significantly
increased hydraulic residence time for BOD
exertion. It has been found that, if the Deep Water
Ship Channel did not exist, there would be few, if
any, low-DO problems in the channel.

* SJR Flow through the DWSC. The flow of the
SJR through the DWSC influences DO depletion
by affecting the hydraulic residence time (travel
time) of oxygen demand loads through the critical
reach. Under high flow conditions (> about
2,000 cfs), DO depletions below the water quality
objective do not occur in the DWSC. SJR flows
through the DWSC of a few hundred cfs lead to the
greatest DO depletion below the water quality
objective. The flow of the SJR through the DWSC
influences the amount of upstream algal (oxygen
demand) load that enters the DWSC, with greater

oxygen demand loads occurring with higher flows.
The magnitude of the oxygen deficit below the
water quality objective is SJR DWSC flow-
dependent.

Sacramento River Cross Channel/Delta Flow.
The export pumping of South Delta water by the
state and federal projects to Central and Southern
California creates a strong cross-Delta flow of
Sacramento River water. This cross-Delta flow
limits the downstream extent of DO depletion
within the DWSC to upstream of Disappointment
Slough/Columbia Cut.

Growth of Algae within the DWSC. Appreciable
algal growth occurs within the DWSC; however,
this growth does not add to low-DO problems in
the surface waters of the DWSC, since it is
accompanied by photosynthetic oxygen
production. The increased algal growth within the
DWSC is likely causing increased DO depletion in
the near-bottom waters of the DWSC, due to the
settling and death of the DWSC-produced algae.

Sediment Oxygen Demand (SOD).
Measurements of the bedded sediment oxygen
demand within the DWSC show that it tends to be
somewhat lower than normal SOD for “polluted”
waterbodies. However, the tidal velocities that
occur within the DWSC have been found to be
sufficient to suspend bedded sediments and to
hinder the settling of particulate oxygen demand.
This leads to an increased oxygen demand
associated with particulates in the near-bottom
waters of the DWSC.

Atmospheric Aeration. Since the surface waters of
the DWSC tend to be undersaturated with respect
to dissolved oxygen, except possibly during late
afternoon when intense photosynthesis is
occurring in the surface waters, there is a net
transfer of atmospheric oxygen to the DWSC
through atmospheric surface aeration.

Light Penetration. Secchi depths typically on the
order of 1 to 2 ft are found in the SJR and in the
DWSC during the summer and fall. This limits the
photic zone (depth to which algal photosynthesis
can occur) to about 6 ft. The inorganic turbidity
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derived from watershed erosion significantly
reduces the depth of the photic zone, compared to
photic zone depths that are found in most
waterbodies where light penetration is controlled
by light scattering and absorption by algae.

* Algal Nutrients. The concentrations of algal
available nutrients (nitrate and soluble
orthophosphate) within the SJIR upstream of the
DWSC and within the DWSC are at least 10 to
100 times surplus of those that are algal growth-
rate-limiting. Algal growth within the SJR and
DWSC appears to be controlled by light
limitation.

» Temperature. Increases in temperature in the SJR
and DWSC increase algal growth rates and rates of
DO depletion reactions. Increased temperature
also decreases the solubility of oxygen. Some of
the year-to-year variations in DO depletion in the
DWSC may be related to temperature differences,
which influence algal growth in the SJR watershed
and oxygen depletion within the DWSC.

A “Strawman” analysis of oxygen demand loads and
impacts on DO depletions within the DWSC shows that
the planktonic algal concentrations present in the SJR at
Mossdale are related to the DO depletion at the DWR
Rough and Ready Island (RRI) continuous monitoring
station. High planktonic algal chlorophyll a, which is cor-
related to high BOD at Mossdale as well as upstream in
the SJR, tended to be associated with the greatest DO
depletion at the DWR RRI station.

Examination of the dissolved oxygen concentrations
found in the DWSC at the RRI monitoring station shows
that DO depletions below the water quality objective
occur in the winter in some years. During 2002 and 2003,
DO depletions at the RRI station occurred below the
WQO during January, February, and/or March. In mid-
February 2003, surface water DO levels of 0 mg/L were
found at this station for several weeks. Further, there was
a period in late January through early March 2003 when
the surface water DOs at the RRI station were below
3 mg/L. The low-DO conditions found in late January
through early March 2003 were related to city of Stockton
wastewater ammonia discharges and low SJR DWSC
flow.

During the low-DO period when there were low SJR
flows through the DWSC, the SJR at Vernalis flows were
in excess of 1,800 cfs, which means that the low SJR
DWSC flows were due to diversion of most of the SJR
flow at Vernalis into the South Delta for export to Central
and Southern California. Without this diversion of SJR
water into Old River, the extremely low DO that occurred
in the winter of 2003 and at other times in 2002 would not
have occurred since the hydraulic residence time of the
DWSC would have been decreased to a few days from the
over 30 days that occurred.

Oxygen Demand Loads

Box Model Load calculations were made for the
43 monitoring runs that the city of Stockton made during
the summer/fall 1999, 2000, and 2001. Figure 2 presents
a diagram of the three-year summer/fall average loads of
oxygen demand in the SJR at Mossdale plus the city’s
oxygen demand wastewater loads, export of oxygen
demand from the DWSC at Turner Cut and the magnitude
of oxygen deficit below the water quality objective within
the DWSC between Channel Point and Turner Cut.

Water quality monitoring and flow measurements of
the SJR and tributaries enabled us to determine that the
oxygen demand of water entering the DWSC was equiva-
lent to the combined discharges of algae from Mud and
Salt sloughs and the SJR upstream of their confluences.

The studies of the past four years plus other data have
provided information that can be used to formulate a man-
agement plan to control the DO problem in the DWSC.
Information on these issues is provided by Lee and Jones-
Lee (2003). They include aeration of the Deep Water Ship
Channel, control of the city of Stockton’s wastewater
effluent ammonia, and control of nutrients that lead to
high algal growth in the Mud and Salt Slough and SJR
upstream of Lander Avenue. Also, the potential for
increasing the flow of the SJR through the DWSC to elim-
inate the long hydraulic residence times that are found
under extremely low flow conditions is being evaluated.
Further studies are needed to evaluate the potential effi-
cacy of each of these approaches.
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Review of the Environmental Monitoring
Program

Zachary Hymanson (California Bay-Delta Authority)
and Anke Mueller-Solger (DWR),

Zachary@calwater.ca.gov

The Interagency Ecological Program (IEP) has a pol-
icy that requires review of each IEP monitoring program
once every five years. The intent of this policy is to pro-
vide a means for considering the structure and function of
ongoing, and in most cases longstanding, monitoring pro-
grams to ensure they remain relevant and effective. In
2001 the IEP requested a review of the Environmental
Monitoring Program (EMP).

Although operated under the auspices of the IEP, the
CA Department of Water Resources (DWR) and the US
Bureau of Reclamation (USBR) are required to imple-
ment the EMP as a condition of CA State Water Resources
Control Board (SWRCB) Water Right Decision 1641 (D-
1641)!. This water right decision prescribes conditions
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that regulate operations of the State Water Project (SWP)
and Central Valley Project (CVP). Under D-1641, a
review of the EMP is required every three years with the
first review due in December 2002. Thus, review of the
EMP was intended to satisfy the requirements of the IEP
and D-1641.

Review of a comprehensive monitoring program that
spans four decades, has an annual operating budget of
about $2 million, and employs about 20 staft from four
different agencies is not a trivial matter. However, the
EMP is fairly representative of the effort and resources the
IEP dedicates to its monitoring programs, so the issues
addressed in the EMP review reflect issues germane to the
review of many IEP monitoring programs. In this article
we describe the process used to complete a comprehen-
sive programmatic review of the EMP. We describe the
general features of the review and focus on the key ele-
ments of each feature. Several written documents were
produced during the EMP review. Final versions of these
documents along with other program information and
EMP monitoring data are available at http://
iep.water.ca.gov/emp.

I. EMP Background in Brief

The EMP was initiated in 1971 in compliance with
SWRCB Water Right Decision 1379. Currently mandated
by D-1641, the program is carried out jointly by the two
water right permittees, DWR and USBR, with assistance

1. California State Water Resources Control Board, Water Right
Decision 1641, Revised March 15, 2000.

from the CA Department of Fish and Game (DFG) and the
US Geological Survey (USGS). The EMP is one of the
oldest interagency monitoring programs operated under
IEP.

The goals of the EMP given in D-1641 are to
(1) ensure compliance with flow-related water quality
objectives; (2) identify meaningful changes in any signif-
icant water quality parameters potentially related to oper-
ation of the SWP or the CVP; and (3) reveal trends in
ecological changes potentially related to SWP/CVP oper-
ations. The EMP collects data on a wide range of physical,
chemical, and biological constituents used to monitor the
status and trends of environmental conditions in San
Pablo Bay, Suisun Bay, and the Sacramento-San Joaquin
Delta (collectively referred to as the upper San Francisco
Estuary or upper estuary). Discrete water quality samples
are collected once a month by boat or van at 11 stations
located throughout the upper estuary. Several constituents
are also monitored continuously at seven shore-based sta-
tions (Table 1). While some discrete sample analysis is
completed in the field, most analyses are conducted by
DWR’s Bryte Chemical Laboratory (water chemistry and
phytoplankton samples), DFG’s laboratory in Stockton
(zooplankton samples), and a contract laboratory (benthos
samples). The resulting data are stored in the Bay-Delta
Tributaries database and the DWR Water Data Library.
Continuous data are available on a near real-time basis
through the IEP Hydrologic Engineering Center Data
Storage System (HEC-DSS) time-series database. Moni-
toring data are analyzed and summarized in annual and
occasional multi-year reports, IEP Newsletter articles,
IEP technical reports, and peer-reviewed journal articles.

Table 1 A listing of the various subject areas considered part of the EMP and the frequency of sampling before and after the

1995 program review.

Sampling Frequency Sampling Frequency

EMP Subject Area 1971-1995 1996-Present
Continuous Water Quality? Continuous Continuous
Discrete Water Quality® Monthly or semi-monthly Monthly
Phytoplankton Monthly or semi-monthly Monthly
Zooplankton Monthly — separate survey Monthly — combined with discrete water quality
Benthos Semi-annual or monthly Monthly
Heavy metals and pesticides Semi-annual Discontinued

2 The following constituents are monitored continuously at fixed, shore-based stations: air and water temperature, electrical conductivity, pH, dissolved oxygen, water stage,
chlorophyll fluorescence, wind speed and direction, and solar irradiance. Not all constituents are monitored at all stations.

® The following constituents are measured at specific locations: air and water temperature, electrical conductivity, chloride concentration, dissolved oxygen, turbidity, secchi disk
depth, suspended solids, inorganic and organic nitrogen concentration, inorganic phosphorus concentration, silica concentration, chlorophyll a, pH, water depth to 1% light level.
Monitoring of air temperature, pH, and water depth to 1% light level was discontinued in 1995.
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In its 32 years of existence, the EMP design has
remained relatively unchanged. The greatest revisions
came about in 1978 with the enactment of Water Right
Decision 1485 and in 1996 after a major program review
in 1995. The main goal of the 1995 revisions was to
streamline the existing program for more efficient budget
and resource allocation (Table 1). As a result, the number
of discrete water quality monitoring stations was reduced
from 26 to 11 sites, contaminants monitoring was discon-
tinued, changes were made to the zooplankton and
benthos monitoring elements, and substantial upgrades
were made to vessel-based horizontal and vertical profile
instrumentation.

Il. Review Foundation

To initiate the EMP review, we worked to provide a
solid foundation upon which to base the review. Here we
list the key elements of this foundation, followed by brief
explanations.

Establish a review Core Team: This is the first and
most important step in conducting any sort of program
review. The Core Team is responsible for completing the
review, which ultimately comes down to taking the vari-
ous bits of information and input received from a variety
of groups and individuals and transforming them into
meaningful results.

The EMP review Core Team included each of the
DWR and USBR program managers for the monitoring
program and one senior technical staff person each from
DWR and USGS. A senior technical staff person from
USBR joined the Core Team about midway through the
review as the result of a new hire at USBR. This Core
Team had several attributes that led to a high degree of
effectiveness: (1) the team was small; (2) each team mem-
ber had a strong, but not necessarily identical, interest in
completing a successful review; (3) the team contained a
mixture of program managers who had the authority to
make programmatic decisions and very knowledgeable
technical staff; and (4) the Core Team accepted full
responsibility for completing the review.

Obtain a clear directive from management: IEP
has a standing review policy for its monitoring programs,
which provided the main directive for our review. How-
ever, this policy is general and does not provide clear
guidance on the specific aspects of a review. For example,

several IEP monitoring programs contain sub-elements or
subject areas. Past reviews of some monitoring programs
have only considered specific subject areas within the
program rather than the entire program. In addition, some
past reviews have emphasized the data and information
aspects of the monitoring program and spent less time
considering other factors such as sampling design, cus-
tomer needs, or resource and staff allocations. In reality,
the variety, complexity, and emphasis of different IEP
monitoring programs means we cannot use exactly the
same approach in all reviews. Thus, it was necessary that
the Core Team work with management early on to
develop a clear and specific directive detailing the scope
of the EMP review.

The EMP contains four subject areas: environmental
water quality, phytoplankton, zooplankton, and benthos.
Comprehensive data analyses were fairly up-to-date with
at least one comprehensive report on each element com-
pleted within the last 10 years; however, the program was
three years behind in its annual reporting requirements.
We also knew of several concerns related to sampling
design and techniques, inadequate data management and
dissemination infrastructure, a slow rate of transferring
data to information, unclear or missing conceptual mod-
els, and a general lack of confidence that the EMP was
monitoring the appropriate constituents at the proper spa-
tial and temporal scales. Based on this knowledge, the
Core Team and IEP management determined that a com-
prehensive programmatic review of the EMP was neces-

sary.

Develop a clear goal for the review: The impor-
tance of having a clear statement of goals is well known.
Also, questions like “what’s your goal?” are usually
among the first asked when meeting with people to dis-
cuss the review. Yet, we often make short shrift of this
step, leading to unclear or inappropriate goals. A clear
statement of goals should guide the review, help track and
evaluate review progress, and focus review discussions.

Developing a clear goal for the EMP review was
among the first tasks of the Core Team. Ultimately we
developed the following goal:

The goal of the review is to recommend a
balanced, scientifically sound, implementable
environmental monitoring program design to
fulfill water right permit conditions and address
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the needs of current and potential users identified
during this review.

Determine expected products up front: Any
review of an [EP monitoring program will result in at least
one report describing the review process and results,
which often include recommendations for change. In
some cases, an intense period of data analysis and report-
ing precedes or is part of the actual review. Since the
reviews largely rely on existing staff, [EP managers are
generally forced into a situation that requires delaying
work in order to complete new analyses and reports for the
review. Building this part of the foundation comes down
to matching expectations with reality. This requires meet-
ing with key groups (managers, advisory groups, etc.) and
key individuals (supervisors, program managers, and
staff) to make sure everyone understands what products
are required to meet the goals of the review and who will
complete those products.

In the case of the EMP review, the Core Team met
with [EP managers and the Science Advisory Group at the
beginning of the review to determine the necessary prod-
ucts. Some IEP managers expected staff to complete new
analyses and reports. The Core Team argued that several
fairly recent comprehensive analyses of EMP data already
existed, mainly in the form of technical reports. Although
some of these reports were up to 10 years old, they pro-
vided a fairly complete understanding of the state of
knowledge and the types of information available from
the EMP. Ultimately, it was determined that a concise
description of the EMP, including its history and regula-
tory basis, was essential information for this review', but
that new data analyses were not.

Identify the major constraints upfront: From a
practical standpoint, all monitoring programs are con-
strained by one or more factors. Limited funding and
resources are often the ultimate constraint. Common con-
straints that are dependent on funding include geographic
scope, sampling frequency, number of sampling sites, and
number and type of constituents monitored. In addition,
the strong desire to maintain data continuity is a constraint
common to long-term monitoring programs. Preserving
data continuity limits program redesign based on techni-
cal issues or program modifications to address changing

1. CADWR.2001. Background Information for the 2001 Review of
the IEP Environmental Monitoring Program. Available at http://
iep.water.ca.gov/emp/about%20the%20EMP.html

management priorities and customer needs. Finally, some
monitoring programs are legally required and any pro-
gram modifications may have legal ramifications. Identi-
fying these types of constraints early on in the review
process provides reviewers with an appreciation for the
limits to the types of changes possible.

The following constraints applied to the EMP review:

1. Total ongoing program costs would not increase.
This did not preclude the potential redistribution
of funds among subject areas or obtaining funds
from outside sources to cover the cost of one-time
expenditures (e.g., new equipment purchases).

2. Maintaining historical data continuity had priority
over program redesign due to technical issues or
changing customer needs.

3. The program would continue to fulfill the
requirements set forth in D-1641.

Identify staff commitment: Completing an in-depth
review of any IEP monitoring program is a substantial
undertaking. For several years IEP has tried to complete
these reviews as a task added to staff’s existing workload.
This has met with mixed success. The program manager
or project supervisor is in the best position to establish this
part of the review foundation. Program managers must
work with their staff to estimate the number of staff and
amount of effort necessary to complete the program
review based on decisions about management directive,
review goals, constraints, expected products, and time-
line. Generally, at least one staff person will spend the
majority of their time on the review, with an additional
time commitment from the program manager(s) and other
core staff. Often the issue comes down to securing a con-
sistent amount of staff time over the full duration of the
review. Underestimating necessary staff commitment or
total review time undermines the ability to clarify staff
commitment. The IEP management team can help pro-
gram managers develop accurate estimates of the staff
commitment necessary to complete a monitoring program
review.

For the EMP review, the two program managers spent
about 20% of their time on the review. They were assisted
by three senior technical staff who spent between 10%
and 80% of their time on the EMP review, as well as by
other EMP personnel. In addition, the EMP review also
relied on the work of ad hoc “subject area” teams (see
below), with team leaders dedicating up to 50% of their
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time over a five-month period and team members dedicat-
ing 5-10% of their time over the same period.

Establish a realistic timeline: As with determining
the expected products, establishing a realistic timeline
with key milestones comes down to matching expecta-
tions with reality. Generally, IEP management thinks in
terms of one-year timelines for monitoring program
reviews because they operate under a one-year program
planning cycle. Yet the reality is that program complexi-
ties will often necessitate more than one year to complete
areview. Setting a realistic timeline is highly dependent
on decisions made for the other parts of the review foun-
dation. The timeline may have to be revisited several
times and adjusted as necessary throughout the course of
the review.

Initially, the EMP review Core Team set a one-year
timeline for completion of the review. Ultimately, how-
ever, it took 22 months to fully complete the review. Some
of the delay was due to unrealistic estimates by the Core
Team, while other delays were due to factors outside the
control of the Core Team. For example, we grossly under-
estimated the amount of time necessary to complete the
management review phase. In contrast, completing the
independent review phase was delayed several months
due to competing commitments for the time of the review-
ers. Although delay in completing the written review
products is a common occurrence in program reviews, this
was not the case with the EMP review. The subject area
reviews and synthesis reports were all completed within
the original time allotted because of the tremendous
efforts of the subject area teams and full dedication of
Core Team time to complete the synthesis report.

lll. Review Process

There are many levels of review possible for the types
of monitoring programs within IEP. For the EMP review,
the Core Team and IEP management determined a “pro-
gram level” review was most appropriate. As such, the
review examined all aspects of the monitoring program,
including its overall structure, resource and staft alloca-
tion, funding allocation, underlying conceptual models,
sampling design, data and information processes, cus-
tomer needs, and the goals and objectives. Some aspects
of the program were considered in greater detail than oth-
ers, but we found this comprehensive approach provided

the ability to identify more specific and meaningful rec-
ommendations for change.

In developing a review process for the EMP we
wanted to ensure:

* An open and transparent process

+ Substantial opportunity for local expert and key
stakeholder input

* Inclusion of an independent technical review
* Clear and direct input from management

* Involvement of regulatory agency staff prior to
formal submittal for regulatory approval. (Note:
this last issue was EMP specific and does not
apply to many of the IEP monitoring programs.)

To meet these multiple objectives, the EMP review
process relied on a multi-tiered approach involving:
(1) four subject area teams; (2) several open meetings,
which allowed a broader base of participation; (3) the I[EP
Science Advisory Group; and (4) the EMP Core Team
(Figure 1). Involvement and time commitment varied
among the tiers throughout the review period (Figure 1).
We further broke the review process down into a technical
review phase followed by a management review phase.

The subject area teams (SATs) formed the backbone
of the EMP review. The SATs were small, ad hoc teams
composed of invited local experts and EMP staff. The
main task of these teams was to complete a focused
review of each EMP subject area (water quality, phy-
toplankton, zooplankton, and benthos). Although each
team approached the subject review differently, the pri-
mary goal for all SATs was to produce a written subject
area review based on a structured format. The SATs were
asked to provide specific and prioritized recommenda-
tions for changes to the EMP, as well as recommendations
and priorities for special studies needed to inform future
decisions about the program. SAT members also partici-
pated in the open meetings, and SAT leaders assisted the
Core Team in synthesizing the individual reports into a
comprehensive review summary. The time commitment
for the SATs was substantial in the early part of the review,
but dropped off quickly after the first draft summary
report was produced.
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Multi-tiered EMP Review Process

Date: 5/01 7/01

12/02

Timeline:

Subject Area Teams

»Small groups of local experts
»Complete subject area review

»Big time commitment in short period

Open Meetings

9/01 1101 1/02 3/02 5/02 8/02
>

Technical Review

Management Review

SAT review reports
——
and comments

»Broad base of participants Review and

»Provide input through meetings = == =pe= = =)

»Increase review transparency Comments

»Limited time commitment

IEP Science Advisory Group .

»Independent technical review i BgV_IGEV_EiI’ld_ - —
»Written critique of products Comments

»Medium time commitment

EMP Review Core Team
»Provide info. and materials

Logistics, Synthesis,

»Convene meetings
»Synthesize subject area reviews
»Provide update/info. to managers
»Continuous level of commitment

v

Presentations and Reports

Figure 1 Diagram of the multi-tiered approach used in review of the EMP. Entities or forums listed on the left-hand side
formed one of the four tiers. See text for a complete description of each tier. Solid lines constitute time spent directly
involved in the review. Dashed lines constitute time spent indirectly or occasionally involved in the review.

Three open meetings where scheduled over the first
seven months of the review. The open meetings provided
a forum for information exchange and comments from a
broader audience of stakeholders, agency staff, and the
interested public. These meetings allowed for discussion
of all aspects of the EMP and the review, but at a lower
level of detail than the SAT review or independent techni-
cal review. Participants in the open meetings were
expected to read the appropriate materials before the
meeting and provide the majority of their input at the
meeting (although we did provide means to send in com-
ments anytime during the review process). The open
meetings were an efficient way to communicate with a
large number of interested individuals. We hired a profes-
sional facilitator for these meetings to provide a respect-
ful, productive, and non-threatening environment. EMP
staff also prepared poster summaries for each EMP sub-
ject area, which served as a great information resource at
the meetings. The open meetings and establishment of a
Web page with information and materials provided an
effective way to maintain a transparent review.

The IEP Science Advisory Group was asked to pro-
vide an independent technical review of the individual
SAT reports and the EMP review synthesis report. Up to
three Science Advisory Group members also participated
in the open meetings, providing key guidance in the struc-
ture and scope of the review. The group also brought in
three additional scientists with expertise specific to EMP
subject areas to complete this review. The Core Team par-
ticipated in a one-day meeting with the Science Advisory
Group to provide specific information about the EMP and
the review results. Group members were also provided
with relevant written materials in advance of the meeting.
The Science Advisory Group was free to comment on any
aspect of the program or the review, but in particular we
asked the group to consider and comment on: (1) program
design (current and proposed), (2) information synthesis
and subject area integration, and (3) resource allocation.
We also asked the group to be as specific as possible in
any recommendations it made. The Science Advisory
Group provided a written report to the Core Team about
one month after our meeting. Overall, the Science Advi-
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sory Group contributions were vital to the success of the
EMP review. Early and continued involvement by some
advisory group members, clear communication of expec-
tations, and timely response to the Science Advisory
Groupis review were all key to this success. We are certain
that any future review of an IEP monitoring program will
greatly benefit from early and thoughtful interaction with
the Science Advisory Group.

Core EMP staff from DWR, USBR, and USGS
worked across all review levels. The Core Team provided
all information and background materials for the review.
The team convened the open meetings with the help of a
facilitator. Three of the Core Team members participated
in the SATs. Team members were responsible for synthe-
sizing review products into a single report, as well as pro-
viding the many progress reports requested throughout the
review. The Core Team also completed the management-
level review, which included briefings for key stakehold-
ers. Finally, the Core Team prepared a formal request to
the SWRCB for modifications to the D-1641 condition
specifying the EMP design.

Overall, this multi-tiered review process required
substantial effort. Yet, it was a great success because we
were able to achieve all of the review objectives and reap
some unexpected benefits, such as greater recognition for
the EMP and reinvigorated staff enthusiasm.

IV. Expect the Unexpected

The staff involved in any IEP monitoring program
will have a good sense of program strengths and limita-
tions even before the review is started. The review process
is a good opportunity to critically evaluate these percep-
tions and address some of the perceived limitations. We
identified several limitations at the beginning of the EMP
review, including:

* Limited staff time and expertise for data analysis
» Ineffective data management processes
* Limited integration among subject areas

These limitations were also identified in the Subject
Area Team and Science Advisory Group reports, reinforc-
ing the significance of these limitations. However, several
unexpected events occurred during the course of the
review that allowed us to address these limitations even

before the review was completed. In contrast, some events
occurred over the course of the review that created some
new and continuing challenges for the EMP.

On the positive side, the EMP was successful in
obtaining a position from the CALFED Science Program
that was dedicated to efforts aimed at improving data
management and data to information transfer. The depar-
ture of three existing staff during the review also resulted
in DWR and USBR hiring three staff scientists with PhDs
in various fields of aquatic ecology, increasing the “intel-
lectual investment” in the program.

The review reinvigorated staff interest and commit-
ment to the EMP. Existing EMP staff became very
engaged in the review, contributing substantially to the
information and historical knowledge base needed to
complete the review. This staff involvement was instru-
mental in the formation of the IEP Water Quality Project
Work Team, which continues to meet and guide the EMP
to this day.

Although several positive unexpected events
occurred during the EMP review, some unexpected chal-
lenges also occurred. We grossly underestimated the time
necessary to complete the management level review. This
was due in part to the fact that IEP does not have a well-
defined process for dealing with the results of technical
program reviews at the management levels of IEP and the
individual agencies. In addition, the legally mandated
nature of the EMP increased the number of management
review levels we had to navigate. The extra time spent in
the management review phase was beneficial, and hope-
fully any future reviews of the EMP can benefit from our
experiences.

At this time, the state budget crisis is probably the
greatest challenge to implementing recommended
changes to the EMP. Delays in passing the state budget,
budget cuts, and a prolonged hiring freeze will undoubt-
edly affect the timeline for implementation of the
approved changes. Further, reductions in I[EP funding will
affect the potential to fund special studies needed to deter-
mine the best methods for making approved changes and
confirming the results of any changes made. These serious
budgetary constraints will require creative solutions by
program managers and staff to effect meaningful changes
to the EMP.
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V. The Importance and Utility of Review
Products

Preparation of review products is a key part of any
IEP monitoring program review. Typically, there is a
report that contains a description of the review and any
recommended changes. Other products might include
reports of data analyses and synthesis. Over the course of
the EMP review several products were produced that we
expect to have utility beyond the review.

Specific statements of EMP goals, objectives, and
questions: The fact that the EMP lacked clear program
aims was a major concern identified in the Science Advi-
sory Group review. General goals for the EMP are listed
in the water right decision, but beyond this we did not find
any specific statements of program aims or goals. As a
result, the Core Team spent substantial time developing
more specific objectives and questions, which build on the
more general goals stated in D-1641. This was not a trivial
matter, even for a small, but motivated, Core Team. Guid-
ance from the Science Advisory Group was critical to our
efforts, and ultimately we were able to develop a set of
realistic and specific objectives. Questions were also
developed to focus future reporting, but we expect the
questions will change as new issues and management pri-
orities emerge.

Conceptual models: The Water Quality SAT
devoted a great deal of effort to developing a conceptual
model that describes the underlying physical processes
occurring in the upper estuary and how those physical
processes affect water quality. The other SATs were able
to use this model in understanding how physical processes
affect phytoplankton, zooplankton, and benthos ecology.
This was the first time a comprehensive set of conceptual
models has been developed for the EMP, and these models
served as the foundation for recommended changes in the
EMP sampling design. We expect these models will be
revisited as the program moves forward and particularly
during the next EMP review.

Assessment of customer needs: At the first open
meeting, one of the members of the Science Advisory
Group urged us to include an evaluation of customer
needs during the EMP review. We developed a table for
use in each subject area that asked for customer identifi-
cation and the met and unmet needs of these customers.
Although the results were qualitative, they were very use-
ful in determining the most important attributes and the
most critical unmet needs of the EMP from the “custom-

ers” perspective. Results from this assessment were used
in developing recommendations for changes to the moni-
toring program, as well as specific goals and objectives.

Specific recommendations for changes to the
EMP: In reviewing the history of the EMP it was quite
clear that many past recommendations for changes to the
monitoring program were never implemented because the
recommendations were too vague or general. As a result,
the Core Team continually pressed for specific recom-
mendations from all parties. In addition, the Core Team
asked the SATs to prioritize any recommendations pro-
vided in the subject area reviews, and the Core Team
developed an overall list of prioritized recommendations
in the synthesis report. We are hopeful that these two fea-
tures--specificity and prioritization--will increase the like-
lihood that recommended program changes will be
implemented.

Specific recommendations for EMP special stud-
ies: Review of the EMP history also confirmed that the
EMP has never had a special studies plan. Through the
EMP review we came to recognize that special studies to
improve monitoring and better understand monitoring
results are an essential part of comprehensive monitoring
programs like the EMP. Many of the recommended
changes require focused special studies to determine the
exact methods of implementation and verify the results of
any changes. In addition, new technologies in water qual-
ity monitoring, data acquisition, and data transfer con-
tinue to emerge; all of which must receive some testing
before making decisions on implementation. And finally,
monitoring will always generate new questions and
hypotheses that can only be tested through applied
research. Information gained through this research can tell
us if we are monitoring the right things the right way.
Thus, the Core Team again turned to the SATs and asked
for prioritized recommendations for special studies. In the
phytoplankton and benthos subject areas, virtually all of
the recommendations revolved around the need to com-
plete focused special studies to refine sampling and ana-
lytical strategies and clarify the meaning of the data.
However, during discussions with management about the
EMP review, it became clear to us that IEP does not have
an effective means of integrating ongoing monitoring
with special studies intended to directly inform the moni-
toring program. This is a pressing issue for [EP because
each monitoring program review will undoubtedly gener-
ate a list of needed special studies.
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VI. Conclusions

1. An in-depth review of any IEP monitoring
program is a staff intensive and time-consuming
effort. In addition, we found that some expenditure
above ongoing program costs is necessary for a
successful review. Throughout the EMP review,
the Core Team had to continually work to resist
succumbing to one of Murphyis Laws: “There is
never enough time to do it right the first time, but
there is always time to do it over again.” IEP must
carefully consider staff, time, and funding
commitments when making decisions that
obligate a program to review.

2. A strong commitment to implementing the
recommended monitoring program changes is
essential. Substantial effort by many people is
required to complete meaningful program
reviews. Failure to implement program changes
inhibits program progress and jeopardizes the
commitment to future IEP monitoring program
reviews.

3. We realized many benefits to completing an
open, multi-level program review beyond the
specific recommendations for changes to the
monitoring program. The chief benefits include:
(a) reinvigorating staff interest in the program and
building staff respect, (b) increasing public and
agency knowledge about the monitoring program,
(c) developing a robust conceptual basis for the
sampling design, and (d) developing a prioritized
special studies plan.

4. Involvement of the independent IEP Science
Advisory Group was critical to the success of the
EMP review. Early and continued involvement by
some advisory group members, clear
communication of expectations, and timely
response to the advisory group’s
recommendations were all key to this success.
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CALIFORNIA BAY-
DELTA AUTHORITY!
ACTIVITIES

California Bay-Delta Authority: Science
Symposium on Environmental and
Ecological Effects of Proposed Long-term
Water Project Operations

Kristen Honey (CBDA/SFEP), Zachary Hymanson
(CBDA), kh@rb2.swrch.ca.gov

On June 19-20, 2003, in Sacramento, the California
Bay-Delta Authority (CBDA) Science Program convened
the second in its series of symposia and workshops on
water project operations and environmental management
in the San Francisco Estuary and watershed. The first
workshop, held on April 22-23, 2002, in Sacramento Cal-
ifornia, is summarized in a Science Program report avail-
able at http://science.calwater.ca.gov/pdf/

Workshop_ Operations Summary April21-22-02.pdf.

The June 2003 symposium brought together more
than 200 managers, scientists, and stakeholders to present
and discuss information related to the environmental and
ecological effects of proposed long-term operations of the
Central Valley Project (CVP) and State Water Project
(SWP). In this symposium, participants considered key

1. Formerly CALFED. Effective January 1, 2003 a new state agency
has formally assumed responsibility for overseeing implementa-
tion of the Bay-Delta Program. The California Bay-Delta Author-
ity, established by legislation enacted in 2002, provides a
permanent governance structure for the collaborative state-federal
effort that began in 1994.

The Authority was established by enactment of Senate Bill 1653
(Costa) 0f 2002. The legislation calls for the Authority to sunset on
January 1, 2006, unless federal legislation has been enacted autho-
rizing the participation of appropriate federal agencies in the
Authority.

science issues associated with the proposed long-term
operations. The goals for this symposium were to:

1. Provide a forum for a balanced open discussion of
proposed CVP and SWP operations, water
management strategies, and the consequences to
fish species of concern in the Delta and upstream
project areas.

2. Help the public, stakeholders, and the agencies
developing the biological opinions for CVP and
SWP operations, pursue a common understanding
of the state of knowledge and critical uncertainties
associated with evaluating the implications of
proposed water project operations and water
management strategies in the Delta and upstream
project areas.

3. Provide managers and policy makers a synopsis of
the “state of knowledge and uncertainties” for
some of the most important intersections between
policy and science with respect to proposed
changes in water project operations.

An inter-agency organizing committee developed the
symposium agenda around several scientific issues
related to water project operations:

» Upstream flow fluctuations and barriers to fish
migration.

» Understanding Bay-Delta processes, and sources
of fish mortality in the Delta.

* The effects of Delta inflow and water project
operations on fish mortality: What have we
learned from the Vernalis Adaptive Management
Program (VAMP) and Delta Cross Channel (DCC)
studies?

The symposium began with policy perspectives pro-
vided by key stakeholders and state and federal represen-
tatives. Presentations to discuss the current state of
knowledge followed from agency, stakeholder, and aca-
demic scientists. The agenda included audience question
and answer sessions, as well as panel discussions of the
technical information and its implications for managers.
Here we provide a brief summary of some of the major
findings.
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Upstream flow fluctuations and barriers to fish
migration

Upstream fluctuations in flow (duration, magnitude,
and frequency) resulting from reservoir operations can
affect salmon spawning success, embryo development,
hatching success, and juvenile rearing. These direct bio-
logical consequences have all been measured and quanti-
fied, but linking these to population-level impacts,
especially across a range of hydrological conditions,
requires additional investigation and analysis.

Operation of the Red Bluff Diversion Dam (RBDD)
can present a substantial barrier to fish migration. Present
operations (gates closed 4 months and gates open
8 months of each calendar year) have removed RBDD as
a migration barrier to winter-run Chinook salmon; how-
ever, spring-run Chinook salmon adults reach RBDD at a
time when the gates are closed. Thus, the effects on fish
immigration depend on the basic timing of the runs rela-
tive to RBDD gate operations. Present operations of
RBDD have substantially reduced the sustained accumu-
lation of predatory fish, thereby reducing the mortality of
young salmon migrating past RBDD. The most direct
management options to address remaining RBDD con-
cerns involve enlarging the fish ladders or completing
substantial modifications to the water diversion structures
upstream of RBDD to shorten the period of gate-in oper-
ations.

Understanding Bay-Delta processes, and sources of
fish mortality in the Delta

Our understanding of Delta hydrodynamics and eco-
logical interactions (open-water processes) has advanced
tremendously in the last decade. Researchers now have a
much better understanding of how tidal forces shape the
physical environment of the estuary and the affects this
environment can have on the distribution of various
organisms. The more we learn, however, the more we
come to realize how complex the estuary is. Continued
process-based studies, coupled with monitoring of long-
term trends and analyses of these data in the context of
understanding the consequences of water operations, will
help to further reduce the uncertainties of how water
project operations affect physical processes in the Delta
and the subsequent abundance and distribution of living
resources.

Mortality is an important ecological process that can
affect population size. Studies of fish mortality in the

Delta have generally considered total mortality (mortality
from all sources) or direct CVP and SWP mortality (mor-
tality resulting from entrainment in water project diver-
sions). Yet, conceptually at least, we also hear about other
types of fish mortality, including non-project anthropo-
genic mortality (e.g., fish mortality due to entrainment in
delta agricultural diversions or fishing) and indirect mor-
tality (e.g., increases in natural and non-project anthropo-
genic mortality arising from water project induced
changes in Delta hydraulics or water quality). Quantifying
the effects of any type of fish mortality is difficult, espe-
cially in the context of population-level effects. But quan-
tifying the population-level effects of fish mortality is an
important step for comparing the potential effectiveness
of different management actions. Further, the current reg-
ulatory framework and management level responses often
require quantification of the various types of mortality to
assess impacts and prescribe mitigation. We may be able
to enhance our approaches by thinking about how to man-
age and reduce total fish mortality, rather than continuing
to try and manage various types of mortality indepen-
dently.

Relationships emerging from recent data and analyses
may provide additional restoration opportunities for spe-
cies of concern. Juvenile Chinook salmon appear most
vulnerable to exports when actively emigrating through
the Delta. Direct CVP and SWP entrainment mortality
remains a management concern, but the data suggest
direct loss is often small. Splittail analysis and modeling
of abundance and distribution data show that this fish is
highly resilient, but that long-term success of the species
depends on seasonal floodplain inundation to promote
successful spawning. For delta smelt population success,
four key issues emerge from the current conceptual
model: (1) water exports, (2) toxic chemicals, (3) food
web effects, and (4) temperature window for recruitment.
Evidence suggests that direct mortality from CVP and
SWP entrainment may be high enough in some years to
reduce the population size of adult spawners. Similarly,
toxic chemicals and food limitations may result in higher
mortality rates of delta smelt in some years.

The effects of Delta inflow and water project
operations on fish mortality: What have we learned
from the Vernalis Adaptive Management Program
(VAMP) and Delta Cross Channel (DCC) studies?

VAMP and DCC investigations examine relationships
between Delta inflows, water project operations, and
young salmon survival in the Delta. Although the studies
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differ in their experimental designs, both studies contrib-
ute scientific information important to future opportuni-
ties and management actions. VAMP and DCC research
both show that fish are affected on all flow variance time
scales (hourly to seasonal). The VAMP studies show that
San Joaquin River quantity affects water quality, but
determining smolt survival relative to flow requires addi-
tional investigation of various flow regimes under this 12-
year study. The DCC studies have found that local veloc-
ity profiles and time of day drive fish distribution and
catch.

The VAMP and DCC studies offer new insights and
tools for examining how physical processes affect fish
survival in the Delta. For example, in river bends and
channel junctions, fish move with the velocity vectors
(current structure), not simply the bulk flow discharge.
The implication for managers is that understanding water
velocity structure within bends and junctions and the
interactions with fish behavior may lead to novel solu-
tions to minimize impacts of existing and proposed water
operation facilities. Further, integrating contaminant
research into multidisciplinary studies like VAMP and
DCC can also help to reduce the uncertainty associated
with through-Delta salmon survival through the applica-
tion of innovative tools and research strategies.

Next steps

Science Program staff is preparing a June 2003 sym-
posium written summary report with a target completion
date of September 2003. The report will be available,
along with past workshop reports and future workshop
dates, from the new Science Program website at
http://science.calwater.ca.gov.

Additional Science Program workshops in July (Chi-
nook salmon) and August (delta smelt) will consider new
information on modeling and the population biology of
these fish, and consider how actions under the EWA pro-
gram protect these fish. A workshop in October will
include a technical review of the EWA and further discus-
sion of specific issues related to water project operations
and the associated environmental impacts. For additional
information on this workshop series, please visit http://
science.calwater.ca.gov/workshop/workshop.shtml.
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PUBLICATIONS IN
PRINT

Recent Research Published in the Open
Literature

Ted Sommer (DWR), tsommer@water.ca.gov

This has been another busy year for San Francisco
Estuary researchers, with new publications in a diverse
range of journals. The most recent publications by IEP-
affiliated scientists include the following. Note that some
of these do not appear in the “official” IEP Bibliography
(Rivard and Sommer, this issue) because they did not
meet our criteria for IEP funding, staff, or data. However,
all of the studies represent impressive additions to the
growing body of literature about the estuary.

Brick ME, Cech Jr. JJ. 2002. Metabolic responses of juve-
nile striped bass to exercise and handling stress with
various recovery environments. Transactions of the
American Fisheries Society 131:855-864.

Cech JJ, Crocker CE. 2002. Physiology of sturgeon:
effects of hypoxia and hypercapnia. Journal of Applied
Ichthyology 18:320-324.

Crocker CE, Cech Jr. JJ. 2002. The effects of dissolved
gases on oxygen consumption rate and ventilation fre-
quency in white sturgeon, Acipenser transmontanus.
Journal of Applied Ichthyology 18:338-340.

Feyrer F, Healey MP. 2003. Fish community structure and
environmental correlates in the highly altered southern
Sacramento-San Joaquin Delta. Environmental Biol-
ogy of Fishes 66: 123-132.

Gisbert E, Cech Jr. 1], Doroshov SI. 2001. Routine metab-
olism of green sturgeon (Acipenser medirostris Ayers).
Fish Physiology and Biochemistry 25:195-200.

Greiner TA. 2002. Records of the Shokihaze Goby, 7ri-
dentiger barbatus (Glnther), newly introduced into
the San Francisco Estuary. California Fish and Game
88(2): 68-74.

Kimmerer WJ. 2002. Physical, biological and manage-
ment responses to variable freshwater flow into the
San Francisco Estuary. Estuaries 25(68): 1275-1290.

Matern SA, Moyle PB, Pierce LC. 2002. Native and alien
fishes in a California estuarine marsh: twenty-one
years of changing assemblages. Transactions of the
American Fisheries Society 131:797-816.

Miklos P, Katzman SM, Cech Jr JJ. 2003. Effect of tem-
perature on oxygen consumption of the leopard shark,
Triakis semifasciata. Environmental Biology of Fishes
66:15-18.

Monismith SG, Kimmerer W, Burau JR, Stacey MT. 2002.
Structure and flow-induced variability of the subtidal
salinity field in northern San Francisco Bay. Journal of
Physical Oceanography 32:3003-3019

Myrick CA, Cech Jr JJ. 2002. Growth of American River
fall-run Chinook salmon in California’s central valley:
temperature and ration effects. California Fish and
Game 88:35-44.

Rudnick DA, Hieb K, Grimmer KF, Resh VH. 2003. Pat-
terns and processes of biological invasion: The Chi-

nese mitten crab in San Francisco Bay. Basic and
Applied Ecology 4: 249-262.

Toft JD, Simenstad CA, Cordell JR, Grimaldo LF. 2003.
The effects of introduced water hyacinth on habitat
structure, invertebrate assemblages, and fish diets.
Estuaries 26(3):746-758.
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The IEP Bibliography: Journal Articles
and Books

Linda Rivard and Ted Sommer (DWR),
tsommer@water.ca.gov

The following reference list represents our efforts to
compile an “official” IEP bibliography for journal articles
and books that have been produced through the program’s
efforts. The idea was to develop a comprehensive list of
peer-reviewed papers to provide a track record of our
progress, and as a reference list for the major scientific
issues and findings for the San Francisco Estuary. One of
our biggest hurdles was to define the criteria that we
would use to identify papers for which IEP could claim
some credit. These issues were reviewed by the [EP Man-
agement Team, who decided that it would be appropriate
to include any peer-reviewed paper or book chapter that
met one of the following criteria:

1. At least some IEP funding was used for the
research

2. Research that relied on IEP samples

3. A study performed using a substantial amount of
IEP data

4. The project was an official IEP “Program
Element” (e.g., IEP staff, study plan and review
process)

5. Papers were published as part of an IEP-sponsored
volume (e.g., DFG Fish Bulletin Salmon
Symposium)

6. A paper co-authored by an IEP staff member.

7. Work preceding the formal formation of the IEP
that focused on the evaluation of potential water
project impacts or the collection of pre-project
data.

Based on these criteria, many potential entries were
excluded. First, we did not include IEP Technical Reports
or US Geological Survey (USGS) file reports because
they did not meet our requirement for peer-reviewed jour-
nal or book contributions. We excluded much of the
important work from key IEP member agencies such as
USGS, University of California, Davis (UCD) and
Department of Fish and Game (DFG) for projects that

were entirely funded by outside programs. Similarly,
most CALFED-funded projects were not included in the
list unless the work was performed as part of an IEP pro-
gram (e.g., Yolo Bypass and Breach studies). DFG arti-
cles on the Delta from the 1960s and 1970s preceded the
formation of IEP, but were included because the work
focused on the collection of pre-project data or collected
early data for ongoing IEP surveys. Note that this sum-
mary is intended as a work in progress that will be updated
regularly and posted on the IEP website
(http://www.iep.water.ca.gov/report). We encourage
everyone to send us suggestions for future revisions.

The following papers met at least one of our biblio-
graphic criteria. Studies in which the only criterion met
was number 3 are identified after the citation (“USED IEP
DATA™).

Aasen GA. 1999. Juvenile delta smelt use of shallow-
water and channel habitats in California’s Sacramento-

San Joaquin Estuary. California Fish and Game
85:161-169.

Aasen GA, Sweetnam DA, Lynch LM. 1998. Establish-
ment of wakasagi, Hypomesus nipponensis, in the Sac-
ramento-San Joaquin Estuary. California Fish and
Game 84:31-35.

Albrecht AB. 1964. Some observations on factors associ-
ated with survival of striped bass eggs and larvae. Cal-
ifornia Fish and Game 50:100-113.

Arkush KD, Siri PA. 2001. Exploring the role of captive
broodstock programs in salmon restoration. Pages
319-330 in R.L. Brown, editor. Contributions to the
Biology of Central Valley Salmonids: Fish Bulletin
179, Vol. 2. State of California, The Resources
Agency, Department of Fish and Game, Sacramento,
CA.

Armor C, Herrgesell PL. 1985. Distribution and abun-
dance of fishes in the San Francisco Bay Estuary
between 1980 and 1982. Hydrobiologia 129:211-227.

Arnold JD, Yue HS. 1997. Prevalence, relative abun-
dance, and mean intensity of plerocercoids of Proteo-
cephalus sp. in young striped bass in the Sacramento-

San Joaquin Estuary. California Fish and Game
83:105-117.
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Arthur JF, Ball MD, Baughman SY. 1996. Summary of
Federal and State water project environmental impacts
in the San Francisco Bay-Delta Estuary, California.
Pages 445-495 in J.T. Hollibaugh, editor. San Fran-
cisco Bay: the ecosystem. Pacific Division of the
American Association for the Advancement of Sci-
ence, San Francisco, CA.

Arthur JE, Ball M. 1979. Factors influencing the entrap-
ment of suspended material in the San Francisco Bay-
Delta Estuary. Pages 143-174 in T. Conomos, editor.
San Francisco Bay: the urbanized estuary. Pacific
Division of the American Association for the
Advancement of Science, San Francisco, CA.

Bailey HC, Alexander C, DiGiorgio C, Miller M, Dor-
oshov SI, Hinton DE. 1994. The effect of agricultural
discharge on striped bass (Morone saxatilis) in Cali-
fornia’s Sacramento-San Joaquin drainage. Ecotoxi-
cology 3:123-142.

Baker PF, Morhardt JE. 2001. Survival of chinook salmon
smolts in the Sacramento-San Joaquin Delta and
Pacific Ocean. Pages 163-182 in R.L. Brown, editor.
Contributions to the Biology of Central Valley Salmo-
nids: Fish Bulletin 179, Vol. 2. State of California, The
Resources Agency, Department of Fish and Game,
Sacramento, CA.

Baker PF, Speed TP, Ligon FK. 1995. Estimating the
influence of temperature on the survival of chinook
salmon smolts (Oncorhynchus tshawytscha) migrating
through the Sacramento-San Joaquin River Delta of
California. Canadian Journal of Fisheries and Aquatic
Sciences 52:855-863. *USED IEP DATA*

Ball MD, Arthur JF. 1981. Phytoplankton settling rates, a
major factor determining estuarine dominance. Estuar-
ies 4:246.

Ball MD, Arthur JF. 1979. Planktonic chlorophyll dynam-
ics in the northern San Francisco Bay and Delta. Pages
265-286 in T.J. Conomos, editor. San Francisco Bay:
the urbanized estuary. Pacific Division of the Ameri-
can Association for the Advancement of Science, San
Francisco, CA.

Banks MA, Rashbrook VK, Calavetta MJ, Dean CA,
Hedgecock D. 2000. Analysis of microsatellite DNA
resolves genetic structure and diversity of chinook
salmon (Oncorhynchus tshawytscha) in California’s
Central Valley. Canadian Journal of Fisheries and
Aquatic Sciences 57:915-927.

Banks MA, Blouin MS, Baldwin BA, Rashbrook VK,
Fitzgerald HA, Blankenship SM, Hedgecock D. 1999.
Isolation and inheritance of novel microsatellites in

chinook salmon (Oncorhynchus tshawytscha). Journal
of Heredity 90:281-288.

Banks MA, Baldwin BA, Hedgecock D. 1996. Research
on chinook salmon (Oncorhynchus tshawytscha) stock
structure using microsatellite DNA. Bulletin of
National Research Institute of Aquaculture Supple-
ment 2:5-9.

Baxter RD. 1999. Status of splittail in California. Califor-
nia Fish and Game 85:28-30.

Bennett WA, Kimmerer WJ, Burau JR. 2000. Plasticity in
vertical migration by native and exotic estuarine fishes

in a dynamic low-salinity zone. Limnology and
Oceanography 47:1496-1507.

Bennett WA, Moyle PB. 1996. Where have all the fishes
gone? Interactive factors producing fish declines in the
Sacramento-San Joaquin Estuary. Pages 519-542 in
J.T. Hollibaugh, editor. San Francisco Bay: the ecosys-
tem. Pacific Division of the American Association for
the Advancement of Science, San Francisco, CA.

Bennett WA, Ostrach DJ, Hinton DE. 1995. Larval striped
bass condition in a drought-stricken estuary: evaluat-
ing pelagic food-web limitation. Ecological Applica-
tions 5:680-692.

Black M. 2001. Shasta salmon salvage efforts: Coleman
National Fish Hatchery on Battle Creek, 1895-1992.
Pages 177-268 in R.L. Brown, editor. Contributions to
the Biology of Central Valley Salmonids: Fish Bulletin
179, Vol. 1. State of California, The Resources
Agency, Department of Fish and Game, Sacramento,
CA.
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Botsford LW, Brittnacher JG. 1998. Viability of Sacra-
mento River winter-run chinook salmon. Conservation
Biology 12:65-79.

Bowman TE, Orsi 1J. 1992. Deltamysis-holmquistae, a
new genus and new species of Mysidacea from the
Sacramento-San Joaquin Estuary of California
(Mysidae: Mysinae: Heteromysini). Proceedings of
the Biological Society of Washington 105:733-742.

Boydstun LB. 2001. Ocean salmon fishery management.
Pages 183-196 in R.L. Brown, editor. Contributions to
the Biology of Central Valley Salmonids: Fish Bulletin
179, Vol. 2. State of California, The Resources
Agency, Department of Fish and Game, Sacramento,
CA.

Brandes PL, McLain JS. 2001. Juvenile chinook salmon
abundance, distribution, and survival in the Sacra-
mento-San Joaquin Estuary. Pages 39-138 in R.L.
Brown, editor. Contributions to the Biology of Central
Valley Salmonids: Fish Bulletin 179, Vol. 2. State of
California, The Resources Agency, Department of
Fish and Game, Sacramento, CA.

Brennan ML, Schoellhamer DH, Burau JR, Monismith
SG. 2002. Tidal asymmetry and variability of bed shear
stress and sediment bed flux at a site in San Francisco
Bay, USA. Pages 93-108 in J.C. Winterwerp, and C.
Kranenburg editors. Fine Sediment Dynamics in the
Marine Environment. Proceedings in Marine Science,
Vol. 5, Elsevier Science B.V.

Brown R, Greene S, Coulston P, Barrow S. 1996. An eval-
uation of the effectiveness of fish salvage operations at
the intake to the California Aqueduct, 1979-1993.
Pages 497-518 in J.T. Hollibaugh, editor. San Fran-
cisco Bay: the ecosystem. Pacific Division of the
American Association for the Advancement of Sci-
ence, San Francisco, CA.

Chadwick HK. 1977. Effects of water development on
striped bass. Pages 123-130 in H. Clepper, editor.
Marine Recreational Fisheries, Proceedings of the
Second Marine Recreational Fisheries Symposium.
Sport Fishing Institute, Washington, D.C.

Chadwick HK, Stevens DE, Miller LW. 1977. Some fac-
tors regulating the striped bass population in the Sac-
ramento-San Joaquin Estuary, California. Pages 18-35
in W. Van Winkle, editor. Proceedings of the confer-
ence on assessing the effects of power-plant-induced
mortality on fish populations. Pergamon Press, New
York, NY.

Chadwick HK. 1969. An evaluation of striped bass
angling regulations based on an equilibrium yield
model. California Fish and Game 55:12-19.

Chadwick HK. 1968. Mortality rates in the California
striped bass population. California Fish and Game
54:228-246.

Chadwick HK. 1967. Recent migrations of the Sacra-
mento-San Joaquin River striped bass population.
Transactions of the American Fisheries Association
96:327-342.

Chadwick HK. 1964. Annual abundance of young striped
bass, Roccus saxatilis, in the Sacramento-San Joaquin
Delta, California. California Fish and Game 50:69-99.

Chadwick HK. 1963. An evaluation of five tag types used
in a striped bass mortality rate and migration study.
California Fish and Game 49:64-83.

Chadwick HK. 1962. Catch records from the striped bass
sportfishery in California. California Fish and Game
48:153-1717.

Cheng RT, Smith PE. 1990. A survey of three-dimen-
sional numerical estuarine models. Estuarine and
Coastal Modeling, 1:1-15.

Cloern JE, Powell TM, Huzzey LM. 1989. Spatial and
temporal variability in South San Francisco Bay
(USA). II. Temporal changes in salinity, suspended
sediments, and phytoplankton biomass and productiv-
ity over tidal time scales. Estuarine Coastal and Shelf
Science 28:599-613.

Cohen AN, Carlton JT. 1998. Accelerating invasion rate
in a highly invaded estuary. Science 279:555-558.
*USED IEP DATA*
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Collins BW. 1982. Growth of adult striped bass in Sacra-
mento-San Joaquin Estuary. California Fish and Game
68:146-159.

Daniels RA, Moyle PB. 1983. Life history of the splittail
(Cyprinidae: Pogonichthys macrolepidotus) in the
Sacramento-San Joaquin Estuary. Fisheries Bulletin
81:647-654. *USED IEP DATA*

Donovan JM, P.E. and Smith. 2002. Hierarchical data
storage and object-oriented programming in visualiza-
tion software development for hydrodynamic model-
ing and data analyses. Estuarine and Coastal Modeling
7: 86-102.

Ferrari FD, J Orsi. 1984. Oithona davisae, new species,
and Limnoithona sinensis (Burckhardt, 1912) (Copep-
oda: Oithonidae) from the Sacramento-San Joaquin
Estuary, California. Journal of Crustacean Biology
4:106-126.

Feyrer F, Healey M. 2003. Fish communities and environ-
mental correlates in the highly altered southern Sacra-
mento-San Joaquin Delta. Environmental Biology of
Fishes 66: 123-132.

Feyrer F, Baxter R. 1998. Splittail fecundity and egg size.
California Fish and Game 84:119-126.

Fisher FW. 1994. Past and present status of Central Valley
chinook salmon. Conservation Biology 8:870-873.
*USED IEP DATA*

Ford M, Wang J, Cheng RT. 1990. Predicting the vertical
structure of tidal current and salinity in San Francisco
Bay, California. Water Resources Research. 26:1027-
1045.

Ford T, Brown LR. 2001. Distribution and abundance of
chinook salmon and resident fishes of the lower Tuol-
umne River, California. Pages 253-304 in R.L. Brown,
editor. Contributions to the Biology of Central Valley
Salmonids: Fish Bulletin 179, Vol. 2. State of Califor-
nia, The Resources Agency, Department of Fish and
Game, Sacramento, CA.

Fox JP, Mongan TR, Miller WJ. 1990. Trends in freshwa-
ter inflow to San Francisco Bay from the Sacramento-
San Joaquin Delta. Water Resources Bulletin 26:101-
116. *USED IEP DATA*

Gartz R, Miller L, Fujimura RW, Smith PE. 1999. Mea-
surement of larval striped bass (Morone saxatilis) net
avoidance using evasion radius estimation to improve
estimates of abundance and mortality. Journal of
Plankton Research 21:561-580.

Greiner TA. 2002. Records of the Shokihaze Goby, Tri-
dentiger barbatus (Glnther), Newly Introduced into
the San Francisco Estuary. California Fish and Game
88(2): 68-74.

Hair JR. 1971. Upper lethal temperature and thermal
shock tolerances of the opossum shrimp, Neomysis
awatschensis, from the Sacramento-San Joaquin Estu-
ary, California. California Fish and Game 57:17-27.

Hanson CH. 2001. Are juvenile chinook salmon entrained
at unscreened diversions in direct proportion to the
volume of water diverted? Pages 331-342 in R.L.
Brown, editor. Contributions to the Biology of Central
Valley Salmonids: Fish Bulletin 179, Vol. 2. State of
California, The Resources Agency, Department of
Fish and Game, Sacramento, CA.

Hatfield SE. 1985. Seasonal and interannual variation in
distribution and population abundance of the shrimp
Crangon franciscorum in San Francisco Bay. Hydro-
biologia 129:199-210.

Hedgecock D, Banks MA, Rashbrook VK, Dean CA,
Blankenship SM. 2001. Applications of population
genetics to conservation of chinook salmon diversity
in the Central Valley. Pages 45-70 in R.L. Brown, edi-
tor. Contributions to the Biology of Central Valley
Salmonids: Fish Bulletin 179, Vol. 1. State of Califor-
nia, The Resources Agency, Department of Fish and
Game, Sacramento, CA.

Hedrick PW, Hedgecock D, Hamelberg S, Croci SJ. 2000.
The impact of supplementation in winter-run chinook
salmon on effective population size. Journal of Hered-
ity 91:112-116.
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Hedrick PW, Rashbrook VK, Hedgecock D. 2000. Effec-
tive population size of winter-run chinook salmon
based on microsatellite analysis of returning spawners.

Canadian Journal of Fisheries and Aquatic Sciences
57:2368-2373.

Hedrick PW, Hedgecock D, Hamelberg S. 1995. Effective
population size in winter-run chinook salmon. Conser-
vation Biology 9:615-624.

Herren JR, Kawasaki SS. 2001. Inventory of water diver-
sions in four geographic areas in California’s Central
Valley. Pages 343-355 in R.L. Brown, editor. Contri-
butions to the Biology of Central Valley Salmonids:
Fish Bulletin 179, Vol. 2. State of California, The
Resources Agency, Department of Fish and Game,
Sacramento, CA.

Heubach W, Toth RJ, McCready AM. 1963. Food of
young-of-the-year striped bass (Roccus saxatilis) in
the Sacramento-San Joaquin River system. California
Fish and Game 49:224-239.

Hollibaugh JT, Wong PS. 1999. Microbial processes in the
San Francisco Bay estuarine turbidity maximum. Estu-
aries 22:848-862.

Hollibaugh JT, Wong PS. 1996. Distribution and activity
of bacterioplankton in San Francisco Bay. Pages 263-
288 in J.T. Hollibaugh, editor. San Francisco Bay: the
ecosystem. Pacific Division of the American Associa-
tion for the Advancement of Science, San Francisco,
CA.

Hollibaugh JT. 1994. Relationship between thymidine
metabolism, bacterioplankton community metabolic

capabilities, and sources of organic matter. Microbial
Ecology 28:117-131.

Hollibaugh JT, Wong PS. 1992. Ethanol-extractable sub-
strate pools and the incorporation of thymidine, L-leu-
cine, and other substrates by bacterioplankton.
Canadian Journal of Microbiology 38:605-613.

Huzzey LM, Cloern JE, Powell TM. 1990. Episodic
changes in lateral transport and phytoplankton distri-
bution in South San Francisco Bay (California, USA).
Limnology and Oceanography 35:472-478.

Jassby AD, Cloern JE, Cole BE. 2002. Annual primary
production: patterns and mechanisms of change in a
nutrient-rich tidal ecosystem. Limnology and Ocean-
ography 47:698-712. *USED IEP DATA*

Jassby AD, Cloern JE. 2000. Organic matter sources and
rehabilitation of the Sacramento-San Joaquin Delta
(California, USA). Aquatic Conservation: Marine and
Freshwater Ecosystems 10:323-352. *USED IEP
DATA*

Jassby AD. 1999. Uncovering mechanisms of interannual
variability from short ecological time series. Pages
285-306 in K.M. Scow, G.E. Fogg, D.E. Hinton, and
M.L. Johnson, editors. Integrated assessment of eco-
system health. Lewis Publishers, Boca Raton. *USED
IEP DATA*

Jassby AD, Koseff JR, Monismith SG. 1996. Processes
underlying phytoplankton variability in San Francisco
Bay. Pages 325-350 in J.T. Hollibaugh, editor. San
Francisco Bay: the ecosystem. Pacific Division of the
American Association for the Advancement of Sci-
ence, San Francisco, CA. *USED IEP DATA*

Jassby AD, Kimmerer WJ, Monismith SG, Armor C, Clo-
ern JE, Powell TM, Schubel JR, Vendlinski TJ. 1995.
Isohaline position as a habitat indicator for estuarine
populations. Ecological Applications 5:272-289.
*USED IEP DATA*

Jassby AD, Powell TM. 1994. Hydrodynamic influences
on interannual chlorophyll variability in an estuary:

upper San Francisco Bay-Delta. Estuarine, Coastal and
Shelf Science 39:595-618. *USED IEP DATA*

Jassby AD, Cloern JE, Powell TM. 1993. Organic carbon
sources and sinks in San Francisco Bay: variability
induced by river flow. Marine Ecology Progress Series
95:39-54. *USED IEP DATA*

Kelley DW, compiler. 1966. Ecological studies of the Sac-
ramento-San Joaquin Estuary, Part 1: zooplankton,
zoobenthos, and fishes of San Pablo and Suisun Bays,
zooplankton and zoobenthos of the Delta. Fish Bulle-
tin 133. State of California, The Resources Agency,
Department of Fish and Game, Sacramento, CA.

32

IEP Newsletter



Khorram S. 1985. Development of water quality models
applicable throughout the entire San Francisco Bay
and Delta. Photogrammetric Engineering and Remote
Sensing 51:53-62. *USED IEP DATA*

Kimmerer WJ. 2002. Effects of freshwater flow on abun-
dance of estuarine organisms: physical effects or

trophic linkages? Marine Ecology Progress Series
243:39-55.

Kimmerer WJ. 2002. Physical, biological, and manage-
ment responses to variable freshwater flow into the
San Francisco Estuary. Estuaries 25:1275-1290.

Kimmerer WJ, Burau JR, Bennett WA. 2002. Persistence
of tidally-oriented vertical migration by zooplankton
in a temperate estuary. Estuaries 25:359-371.

Kimmerer W], Cowan JH, Jr., Miller LW, Rose KA. 2001.
Analysis of an estuarine striped bass population:
effects of environmental conditions during early life.
Estuaries 24:557-575.

Kimmerer W, Mitchell B, Hamilton A. 2001. Building
models and gathering data: Can we do this better?
Pages 305-318 in R.L. Brown, editor. Contributions to
the Biology of Central Valley Salmonids: Fish Bulletin
179, Vol. 2. State of California, The Resources
Agency, Department of Fish and Game, Sacramento,
CA.

Kimmerer W], Cowan JH, Jr., Miller LW, Rose KA. 2000.
Analysis of an estuarine striped bass (Morone saxati-
lis) population: influence of density-dependent mortal-
ity between metamorphosis and recruitment. Canadian
Journal of Fisheries and Aquatic Science 57:478-486.

Kimmerer WJ, Burau JR, Bennett WA. 1998. Tidally-ori-
ented vertical migration and position maintenance of
zooplankton in a temperate estuary. Limnology and
Oceanography 43:1697-17009.

Kimmerer WJ, Orsi JJ. 1996. Changes in the zooplankton
of the San Francisco Bay Estuary since the introduc-
tion of the clam Potamocorbula amurensis. Pages 403-
424 in J.T. Hollibaugh, editor. San Francisco Bay: the
ecosystem. Pacific Division of the American Associa-
tion for the Advancement of Science, San Francisco,
CA.

Kimmerer WJ, Gartside E, Orsi JJ. 1994, Predation by an
introduced clam as the likely cause of substantial
declines in zooplankton of San Francisco Bay. Marine
Ecology Progress Series 113:81-93.

Kimmerer WJ, Schubel JR. 1994. Managing freshwater
flows into San Francisco Bay using a salinity standard:
results of a workshop. Pages 411-416 in K.R. Dyer and
R.J. Orth, editors. Changes in fluxes in estuaries:
implications from science to management. Olsen and
Olsen, Fredensborg, Denmark.

Kjelson MA, Brandes PL. 1989. The use of smolt survival
estimates to quantify the effects of habitat changes on
salmonid stocks in the Sacramento-San Joaquin rivers,
California. Special Publication of Canadian Journal of
Fisheries and Aquatic Sciences 105:100-115.

Kjelson MA, Raquel PF, Fisher FW. 1982. Life history of
fall-run juvenile chinook salmon, Oncorhynchus
tshawytscha, in the Sacramento-San Joaquin Estuary,
California. Pages 393-411 in V.S. Kennedy, editor.
Estuarine comparisons. Academic Press, New York,
NY.

Kjelson MA, Raquel PF, Fisher FW. 1981. Influences of
freshwater inflow on chinook salmon (Oncorhynchus
tshawytscha) in the Sacramento-San Joaquin Estuary.
Pages 88-108 in R.D. Cross, and D.L. Williams edi-
tors. Proceedings of the National Symposium on
Freshwater Inflow to Estuaries. Coastal Ecosystems
Project, Office of Biological Services, Fish and Wild-
life Service, US Department of the Interior.

Knutson AC Jr., Orsi JJ. 1983. Factors regulating abun-
dance and distribution of the shrimp Neomysis merce-
dis in the Sacramento-San Joaquin Estuary.
Transactions of the American Fisheries Society
112:476-485.
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Kohlhorst DW. 1999. Status of striped bass in the Sacra-
mento-San Joaquin Estuary. California Fish and Game
85:31-36.

Kohlhorst DW, Botsford LW, Brennan JS, Caillict GM.
1991. Aspects of the structure and dynamics of an
exploited central California population of white stur-
geon (Acipenser transmontanus). Pages 277-293 in P.
Williott, editor. Acipenser. Cemagref Publishers, Bor-
deaux, France.

Kohlhorst DW. 1980. Recent trends in the white sturgeon
population in California’s Sacramento-San Joaquin
estuary. California Fish and Game 66:210-219.

Kohlhorst DW, Miller LW, Orsi JJ. 1980. Age and growth
of white sturgeon collected in the Sacramento-San
Joaquin Estuary, California: 1965-1970 and 1973-
1976. California Fish and Game 66:83-95.

Kohlhorst DW. 1976. Sturgeon spawning in the Sacra-
mento River in 1973, as determined by distribution of
larvae. California Fish and Game 62:32-40.

Lacy JR, Stacey MT, Burau JR, Monismith SG. 2003. The
interaction of lateral baroclinic forcing and turbulence
in an estuary. Journal of Geophysical Research
(Oceans), American Geophysical Union, in press.

Lehman PW. 2000a. The influence of climate on phy-
toplankton community biomass in San Francisco Bay
Estuary. Limnology and Oceanography 45:580-590.

Lehman PW. 2000b. Phytoplankton biomass, cell diame-
ter and species composition in the low salinity zone of
northern San Francisco Bay Estuary. Estuaries 23:216-
230.

Lehman PW. 1996. Changes in chlorophyll a concentra-
tion and phytoplankton community composition with
water-year type in the upper San Francisco Bay Estu-
ary. Pages 351-374 in J.T. Hollibaugh, editor. San
Francisco Bay: the ecosystem. Pacific Division of the
American Association for the Advancement of Sci-
ence, San Francisco, CA.

Lehman PW. 1992. Environmental factors associated with
long-term changes in chlorophyll concentration in the
Sacramento-San Joaquin Delta and Suisun Bay, Cali-
fornia. Estuaries 15:335-348.

Lehman PW, Smith RW. 1991. Environmental factors
associated with phytoplankton succession for the Sac-
ramento-San Joaquin Delta and Suisun Bay Estuary,
California. Estuarine Coastal and Shelf Science
32:105-128.

Matern SA, Moyle PB, Pierce LC. 2002. Native and alien
fishes in a California estuarine marsh: twenty-one
years of changing assemblages. Transactions of the
American Fisheries Society 131:797-816.

Matern SA. 2001. Using temperature and salinity toler-
ances to predict the success of the shimofuri goby, a
recent invader into California. Transactions of the
American Fisheries Society 130:592-599.

Matern SA, Fleming KJ. 1995. Invasion of a third Asian
goby, Tridentiger bifasciatus, in California. California
Fish and Game 81:71-76.

McEwan DR. 2001. Central Valley steelhead. Pages 1-44
in R.L. Brown, editor. Contributions to the Biology of
the Central Valley Salmonids: Fish Bulletin 179,

Vol. 1. State of California, The Resources Agency,
Department of Fish and Game, Sacramento, CA.

McKechnie RJ, Miller LW. 1971. The striped bass party
boat fishery: 1960-1968. California Fish and Game
57:4-16.

Meinz M, Mecum WL. 1977. A range extension for Mis-
sissippi silversides in California. California Fish and
Game 63:277-278.

Meng L, Matern SA. 2001. Native and introduced larval
fishes of Suisun Marsh, California: the effects of fresh-
water flow. Transactions of the American Fisheries
Society 130:750-765.

Meng L, Moyle PB. 1995. Status of splittail in the Sacra-
mento-San Joaquin Estuary. Transactions of the Amer-
ican Fisheries Society 124:538-549.
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Meng L, Moyle PB, Herbold B. 1994. Changes in abun-
dance and distribution of native and introduced fishes
of Suisun Marsh. Transactions of the American Fish-
eries Society 123:498-507.

Meng L, Orsi JJ. 1991. Selective predation by larval
striped bass on native and introduced copepods. Trans-
actions of the American Fisheries Society 120:187-
192.

Mesick C. 2001. Studies of spawning habitat for fall-run
chinook salmon in the Stanislaus River between Good-
win Dam and Riverbank from 1994 to 1997. Pages
217-252 in R.L. Brown, editor. Contributions to the
Biology of Central Valley Salmonids: Fish Bulletin
179, Vol. 2. State of California, The Resources
Agency, Department of Fish and Game, Sacramento,
CA.

Mesick C. 2001. The effects of San Joaquin River flows
and Delta export rates during October on the number
of adult San Joaquin Chinook salmon that stray. Pages
139-162 in R. L. Brown, editor. Contributions to the
Biology of Central Valley Salmonids: Fish Bulletin
179, Vol. 2. State of California, The Resources
Agency, Department of Fish and Game, Sacramento,
CA.

Miller LW. 1974. Mortality rates for California striped
bass (Morone saxatilis) from 1965-1971. California
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